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Introduction. 
Tiil.s  cercaria  wuh  diHe<)Vcre<i  alo.ii^  with  u  iiiiiiili(.-r  of  otlufr  turcu- 
cercoun  cercariw   in  Bombay  in   I<J17,  in  the  con fh*  <i(  an  inve«fig«tii»o 
J,  UR  1 


2        Cerairia  of  Schiatofunnum  Spindcdw  (Montgomery). 

into  the  j>()ssil)ility  ui  tlic  sprcitd  of  liuniaii  Billiaiziosis  in  India.  At 
that  time  jjaiticuUir  attention  uas  heini;  ])aid  to  discoverinj;  liunum 
.schistosome  cercaria'  in  liiis  country,  and  tlie  tindini;  of  one  which  ])().•<- 
sessed  the  main  characters  of  these  cercaria' aroused  considerable  interest. 
At  first  it  ap))oared  that  the  new  form  foimd  in  Homliay  was  probably 
one  of  tlie  human  cercaria',  but  as  no  more  detailed  ile.scription  of  their 
structure  beyond  the  main  features  given  by  Lei[)er  was  at  that  time 
available,  identity  of  the  present  species  with  the  human  form  could 
not  be  taken  as  established  on  superficial  morphological  .similarity  alone. 
It  was,  therefore,  proposed  to  settle  this  point  experimentally  b}' 
attempting  to  raise  adult  ]iarasites  from  the  cercari.r,  and  comparing 
the  structure  of  the  mature  adults  with  that  of  the  schistosomes 
already  known.  For  this  after  all  is  the  only  final  test  of  the  identity 
or  otherwise  of  the  larva'  with  the  adult.  Structural  correlation 
between  a  known  cercaria  and  one  under  investigation  may  at  best  be 
suggestive  of  their  possible  identity,  but  the  final  proof  must  rest  with 
the  experimental  rearing  from  them  of  identical  adults. 

Ofcour.se.  the  experimental  method  too  has  many  pitfalls  and  unless 
great  care  is  taken  the  results  are  apt  to  be  misleading.  Indeed,  as 
Cort(')  observes  'in  some  very  recent  work,  as  well  as  in  older  papers, 
larva"  and  adults,  shown  later  to  be  entirely  unrelated,  have  been 
joined  experimentally."  But  this  only  emphasises  the  great  importance 
of  care  and  proper  controls  in  conducting  such  experiments. 

It  was  deemed  advisable  not  to  give  the  cercariae  any  specific 
names — the  cercaria  being  but  a  larva  of  the  adult  parasite — but  to 
give  them  pro\T[sional  numbers  till  such  time  as  their  life-history  had 
been  worked  out,  when  they  would  naturally  be  named  after  the 
adults.  Accordingly  this  cercaria  was  designated  Cercaiw  hottthui/ensis 
No.i. 

Infection  experiments  were  carried  out  which  proved  that  this 
cercaria  was  not  of  a  schistosome  which  affects  human  beings,  but  was  of 
an  animal  infecting  type — Scfiistosomutn  spiiidali^.  A  brief  account  of 
these  experiments  has  already  been  published  in  the  Indian  Journal  of 
Medical  Research.(-)  The  results  have  since  been  confirmed  by  repeated 
exjieriments,  and  there  is  now  no  doubt  tliat  this  cercaiia  forms  the 
larval  stage  of  Schislosomum  spindolis  (Montgomery).  Life-histoi'v 
studies  on  furcocercous  cercariae  have  been  very  meagre  and  this  appears 
to  l)e  the  first  in.stance  in  which  an  animal  .sfbistosome  cercaria  has  been 
discovered  and  its  life-history  tracetl  through  the   various  stages  of  jt.^ 


.1/.  H.  Sojtarkar.  3 

(iovelopiiiPiit.  The  prewiit  puper  will  he  iiiiKfiiied  with  n  iIcm  liplioii 
of  thiit  con-aria. u II) I  it  is  ho|MHl  that  it  will  i>i)<il)l('  wnrkci-s  to  find  iirw 
eiidciiiii'  places  of  tlic  iliscase.  IikIcimI.  this  has  luvn  the  case  in  Honiliav  ; 
for  the  occurrence  tliere  of  this  cercaria  in(li<ate)l  the  local  exist en<e  of 
the  disease,  and  when  Hiiiiiiais  were  e.\aniiiied. cases  of  actual  infectiiin 
with  this  |>anisite  were  found  in  cattle.  The  first  case  in  this  part  of 
India  (Bombay)  was  found  in  a  cow  in  Fehruary  1!H8.  This  is  significant, 
for  the  juirasite  has  la-en  reconled  hut  once  hv  \'rvl)erj»(^)  from 
Sumatni  .since  the  discovery  of  it  ))v  Mont;iomeiv(-')  altout  fourteen 
years  af;o,  in  two  cattle  in  Northern  India.  The  l<iiowled>;e  of  the 
structure  of  the  cercaria  will  reveal  many  new  endemic  areas  of  this 
di.sea.se.  And  for  the  discovery  of  tiie  e.xistencc  of  animal  schist o.somia.sis 
in  any  locality,  examination  of  the  local  .snails  for  sjiecific  ceicaria-  is 
likely  to  be  found  more  convenient  and  ea.sier  to  carry  out  than  a 
.sy.stematic  e.xainination  of  carca.s.ses  of  several  animals.  esj)ecially  in 
places  where  there  are  no  regular  abattoii-s. 

.Method  ok  Stidv. 

The  method  adopted  for  obtaining  cercaria-  is  .somewhat  similar 
to  one  of  the  two  inetlnwls  u.sed  by  lieiperf'")  in  his  investifjalions  in 
K(tvpt.  Snail.H  are  collected  on  the  previous  day  in  lot.-;  of  l.")(i  L'dli, 
cleun.sed  of  all  adherent  dirt,  and  distributed  with  a  small  <pianlity  of 
clean  tap  water  in  te.st  tubes  -each  containing  a  single  specimen  which 
are  left  <»vemight.  Next  morning  the  water  in  the  te.st  tube  is  examined 
with  a  luind  lens  for  the  presence  of  cercaria'.  Kx|»erience  Iul-^  shown 
that  over  ninety  jjer  cent,  of  the  infectetl  snails  in  which  the  tercnria' 
have  matured  discharge  them  into  water  within  twenty-four  hours. 
The  cercaria-  are  shot  out  by  the  snail  in  j)ufTs  containing  lifty  <  r  more 
inilindiial.s  and  this  action  ajipears  to  be  stimulated  by  contact  with 
frmh  tap  water.  In  several  instances  when  an  infected  snail  containing 
mature  cercariie  was  plaretl  in  a  test  tube  and  fresh  tap  water  was  added. 
the  snail  was  observeii  to  discharge  cercaria-  info  water  within  a  few 
iiiinuteti.  These  cen-aria-  would  be  available  for  study  for  about  twenty- 
four  hoHpninly  :  for  the  life  of  these  larva-  in  a  free  state  is  rarely  longer 
than  this:  but  as  successive  batches  of  mature  individuals  wouhl  bit 
disrhnrged  by  the  niollu.sc  at  intervals,  a  continuous  supply  of  these  forms 
ran  be  obtained  by  this  metho<l  for  study  or  for  exiK-riinental  purposes 
tin  long  n«  the  mollusc  surN'ives.  As  a  nile  the  life  of  an  infr-itcd  niollusr 
i»  much   shorter   than    that  of  a  non-infecte<l  one;  those   in  wliich  the 
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cercariae  have  matured  were  observed  to  die  within  two  to  six  days 
after  being  captured  ;  occasionally,  however,  they  have  been  known  to 
live  for  some  weeks. 

When  the  study  of  the  mature  forms  is  completed  or  in  the  mean- 
time if  the  snail  shows  signs  of  approaching  death,  often  indicated  by  the 
red  tinging  of  the  water  witli  the  blood  of  the  mollusc  (Plaiiorbis),  the 
animal  is  dissected  for  further  study  of  the  infected  organs,  parthenitae, 
etc.  This  method  is  preferable  to  a  systematic  dissection  of  all  the 
specimens  collected,  a  much  more  laborious  task  and  one  in  which  every 
snail  has  to  be  sacrificed.  Moreover  when  an  infected  individual  is  found, 
an  incident  which  may  not  happen  for  several  days,  the  study  has  to  be 
complete  during  the  rest  of  the  day — which  is  not  often  possible — for  the 
cercarise  and  the  sporocysts  will  hardly  remain  alive  for  more  than  a  day. 
The  only  advantage  systematic  dissection  has  over  the  above  method  is 
that  it  reveals  immature  infection  also  which  the  latter  does  not  ;  an 
advantage  of  importance  when  the  percentage  of  infected  snails  in  a 
locality  is  to  be  ascertained. 

A  satisfactory  study  of  the  structure  of  these  forms  can  only  be 
made  in  living  specimens  ;  and  for  tracing  the  finer  branches  of  the 
excretory  system  and  other  details  an  oil  immersion  lens  with  a  good 
resolving  power  is  indispensable.  For  studying  the  flame  cells  and 
their  ducts,  artificial  light  was  found  more  suitable. 
I  In  the  course  of  this  study  the  method  of  intravitam  staining  with 
dilute  solution  of  neutral  red  was  employed  in  several  instances.  By 
this  method  it  was  possible  to  slow  down  the  acti^^ty  and  the  vibration 
of  the  cercaria  sufficiently  to  allow  of  the  study  of  its  morphology  without 
exerting  undue  pressure  which  is  often  required  to  keep  it  steady.  It 
has  another  advantage  of  bringing  into  relief  certain  structures  and 
their  outlines  which  by  their  transparency  appear  indefinite.  Cort(^) 
did  not  find  any  advantage  in  the  method  of  intravitam  staining  in  the 
study  of  the  cercaria  of  Schistosomum  japonicum.  While  it  may  be 
granted,  that  in  the  case  of  certain  cercariae  in  which  the  structures  are 
clearly  differentiated,  this  method  may  not  offer  any  advantage,  never- 
theless, it  cannot  be  doubted  that  by  this  method  the  activity  of  the 
cercaria  is  inhibited  and  its  study  thus  facilitated  especially  when  the 
activity  is  great  and  the  study  on  this  account  rendered  otherwise  difficult 
as  has  been  found  by  Miyagawa  and  other  Japanese  observers.  Sections 
of  the  infected  liver  were  also  studied  to  confirm  or  to  check  observations 
made  upon  living  specimens. 
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Desciiiftion  of  Plate  I. 
Fig.  1.     Cercaria  of  Schistosomum     pindalis  ;    general   view  of    the  whole 
animal  with  outlities  of  different    structures  and  the  excretory 
tubule  in  the  tai'. 
2.    Cercaria  of  Srltisio.s-owinn  sjiniilalis^  showing  details  of   the  infernal 
structure ;  ventral  view. 
„      3.     Cercaria  of  Srliisiosomio))  ■■<j)iii(hdis,    showing  details   of   the  excre- 
tory sj'steni  (semi-diagran'iatic). 
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(iKN'KRAI.   DkSCRIITIkX. 

This  ccrt-aria  helonps  to  the  furcocort'oiis  uroup  of  distoiiu'  corcariir 
|X)«s«*s.sing  a  IkmIv  pn»vi(l(Hl  with  an  onil  and  a  ventral  sucker,  and  a  tail 
which  is  liitid  at  it.s  distal  end  (ser  Plate  I.  Fig.  1).  The  Ixxlv.  including 
the  entire  portion  of  the  heat!  except  a  small  central  part,  represented, 
as  will  l>e  seen  later,  hv  the  o|H'ning  of  the  head  gland,  is  covered  with 
sharp  backward  panting  cuticular  spines.  These  are  especiallv  marked 
over  the  head.  The  tail  and  the  furcal  rami  are  also  provided  with 
spines,  but  they  are  somewhat  sparse  in  this  region.  The  anterior  end, 
called  the  head,  is  pro\nded  with  an  invertible  pouch  or  a  protrusiblo 
snout  which  appears  to  be  in  constant  action. 

The  body  possesses  great  powers  of  extension  and  retraction  thie  to 
the  pre,sence  under  the  cuticula  of  layers  of  muscle  fibres  :  the  fidly 
extended  body  often  measuring  twice  as  much  as  during  contraction. 

The  tail  and  the  furci  are  only  larval  appendages  anil  their 
morphology  is  com|)aratively  .simple. 

The  proximal  end  of  the  tail  is  somewhat  convex  and  fits  into  the 
small  concavity  surrounded  by  a  slight  thickening  in  the  cuticula  in  the 
posterior  end  of  the  body.  At  its  distal  end  are  two  bifurcation.s — the 
furcal  rami^which  are  distinctly  constricted  off  from  it.  The  tail  is  round 
in  cress  .section  while  the  furci  are  flat.  The  former  contains  several 
cells  with  clear  cytoplasnj  and  large  nuclei  distributed  in  the  paranchy- 
matous  tissue.  Their  number  varies  from  lot' — 175  or  sometimes  more, 
and  are  well  brought  out  by  the  metluKl  of  intravitam  staining.  The 
distribution  of  the  nucleaterl  cells  is  contin\ie<l  in  the  furci  and  in  this 
situation  their  number  varies  from  3C — 35.  The  excretory  duct  runs 
throughout  the  length  of  the  tail  and  the  furcal  rami. 

The  important  part  of  the  cercaria  is  the  body  wnicn  evtfiiuaiiy 
develops  into  the  atlult  jmrasite,  the  tail  being  (lro])pe«l  |)rior  to  enirance 
of  the  larva  into  the  IkmIv  of  the  final  host. 

Besides  the  oral  and  the  ventral  suckers,  the  Ixnly  contains  a  group 
of  what  may  be  temie<l  muc-in  glaiuls.  The  ducts  from  the.se  glands 
enter  the  oral  sncker  an«l  thus  open  externally.  It  also  contains 
alimentar}',  nervous,  genital,  and  the  excretory  systems. 

Stritcture  of  TiiK  Ckrcaria. 
MeaturemenU. — There  is   a  ten<lency    to    deprecate    the    value    of 
nteaBurements  and  to  regard  them  as  unsntisfartory  <lata  for  compariiion 


0         Cercaria  of  Schistosomum  Spindalis  {MoMgomery). 

of  diii'orent  cercaria'  owing  to  the  great  power  of  extension  and  retraction 
not  only  of  the  body, but  also  to  some  extent  of  the  tail  and  even  the  furci 
possessed  by  these  larvse.  This  is  no  doubt  true  in  a  general  way — and  it 
is  also  true  that  measurements  of  preserved  s])ccimens  will  vary  with  the 
preservative  used  and  the  stale  of  contraction  at  the  time  of  fixing,  fiut 
by  adopting  a  method  of  killing  by  heat,  used  by  Bahr(')  it  is  possible 
to  take  measurements  wliicli  will  allow  of  satisfactoiy  comparison  being 
made.  It  has  been  f(>un<l  during  this  investigation  that  if  cercariae  are 
killed  by  gentle  heat,  the  measurements  of  such  specimens  are  more 
uniform  than  those  treated  by  other  methods  of  killing,  and  this  method 
has  the  further  advantage  of  being  simple  and  generally  applicable  so 
th:it  measurements  taken  by  different  observers  by  this  method  can  be 
rendered  comparable.     The  method  employed  is  as  follows  :- 

Place  a  large  drop  containing  several  cercarise  on  a  glass  slide  and 
gently  he  it  it  by  holding  it  high  over  a  bunsen  flame  taking  care  not  to 
allow  the  drop  to  boil.  Examine  at  intervals  of  a  few  seconds  under  a 
low  power  microsco[)e  until  most  of  the  cercariae  are  found  to  be  nuttion- 
less  -put  on  a  coverslip  taking  care  that  it  does  not  exert  any  j)rcssure 
on  the  cercaria'  and  proceed  to  take  measurements. 

The  following  are  the  average  measurements  of  sjjecimens  examinctl 
by  the  above  method  : — 

Body — 200  /x  long  by  50  /x  broad  ;  variation  in  length   180  /x — 'I'lO  /j. 
Tail  trunk— 290  /x  long  by  30  ju  thick  ;  variation   in   length  270  m 
— :jOO  /x, 

Furcal  Rami — 100  /x  long  ;  variation  in  length  90  /x  — 120  /x 
In  li\-ing  specimens  the  body  when  fully  extended  measures  250  /x 
lf)iig  i)y  ?)')  fx  broad,  while  during  greatest  contraction  it  measures  onh- 
125  «  long,  but  the  thickness  increases  to  70  /x 

Below  are  measurements  of  specimens  preserved  in  5  i)er  cent,  for- 
malin, which  are  smaller  than  those  killed  by  heat  : — 

Body— 150  n  X  50  /x  :  variation  in  length  145  <x  — ISO  m 
Tail  trunk  275/^X30  |u  ;  do  do  do  250<x-300/x 
Furcal  Rami  'JO  n  do         do      do      75/u.^l(iO/i 

Vcniral  Sticker. — The  ventral  sucker  is  a  strong  muscular  structure 
situated  about  four-fifths  of  the  body  distance  from  the  anterior  end. 
It  is  circular  in  outline  with  a  triangular  opening  and  has  a  diameter 
of  -02  mm.  Its  surface  is  covered  with  shar])  cuticular  spines  which 
are  more  minicrous  in  this  situation  than  on  the  surface  of  the  body 
in  the  immediate  neighbourhood.     It    serves    an  important  jiart  in 
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Dksckiption  ov  Plate  II. 
Fig.      i.     Cercaria~of  Schistosomum   .■>})iii<liill.'^  .   opening   of     the  e.'ccretory 

pore  at  the  tip  of  f ureal  rami. 
Fi"s.   2,  3,  4,     Cercaria  of  Srlti.^losomum  .tiiituftdis  :  ditfereut  shapes  of   the 

caecum. 
Fi".     5.     Cercaria    of    Scliislo.^omnm   sj)ii">id's.     Side    \no\v     of     the  head 

.showing  month  with  its  muscular  sphincter  and  the  .spined  ends 

of  mucin  ducts, 
f).     Outlines  of  the  various  schistosoma  cercarite    niagnilied  to  the  same 

extent. 
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locomotion.  Tlioui;h  a  |>n>iiiiueiil  striuturo,  it  ilocs  imt  piojort  hcvond 
the  surface  to  such  an  extent  as  to  a|i|>ear  as  a  proboscis  as  is  tlie  case 
with  the  ,Ia|>dnese  form. 

DigMlirr  Sifulrm.  -The  digestive  .system  is  simple  and  consists  of  a 
mouth,  an  o-sophajfihs.  and  a  kidney-shaped  cuHiiin.  The  mouth 
opens  on  the  ventral  surface  not  at  the  extreme  anterior  tip  of  the  body 
but  a  short  distance  behind  it  at  a  |)ornt  a  little  in  front  of  the  constriction 
which  marks  otf  the  heatlfrom  the  body.  {See  Plate  I,  Fiji  _',  also  Plate  11. 
Fig.  5.)  When  viewed  from  the  side  the  opening  of  the  mouth  is  seen 
to  be  surrouude<l  by  a  kuob-like  umbilicated  thickening  which  probtbly 
repre.sents  a  muscular  sphincter  around  the  mouth  (.SV"  Plate  II.  Fig.  .j). 
Neither  in  his  description  of  the  cerciirin  of  .S'/7/.  jup'iniium.  nor  in 
his  figure  «l<»es  C-ort(*)  show  the  structure,  while  in  the  figure  o[ 
L'rrrar\(e  iniictr.  ty|)e  XXX.  described  by  Captain  Sewel^**)  as 
reseniblinv!  the  Jap.ine.se  species,  the  opening  of  the  mouth  is  shown 
a  little  further  forwards  and  there  is  also  no  mention  madeof  the 
niu.'cular  sphincter.  A  narrow  buccal  cavity  leads  to  an  (tsophagus 
which  pa.H.ses  caudad  an'd  dorsad  e.vtending  to  a  little  behind  the 
lukidle  of  the  body  where  it  opens  into  a  kidney-shaped  ve.sicular 
structure— the  ca*oum. 

There  is  no  indication  of  the  presence  of  any  musciljir  |)liiirvii.\'. 

The  ca?cum  is  a  con.spicuous  structure,  containing  granular  material, 
and  is  brought  out  es|)e<-ially  |)rominently  by  the  meth<Hi  of  intravitam 
.staining,  when  it  appears  as  a  large  clear  ve.sicle  containing  stained 
granules  which  are  constantly  agitated  by  its  contractile  movements. 
Even  after  cessatifm  of  these  movements  the  smaller  granules  will 
continue  to  show  broniiian  movements.  The  c8Pcum  is  surrounde*! 
posteriorly  by  mucin  glands  and  l-es  dorsad  to  the  ducts  of  these  glanils. 
Constriction  of  the  organ  in  the  middle  sometimes  divides  it  into 
two  chambers  connecte<l  by  a  narrow  isthmus  and  the  peristaltic 
movement  of  the  organ  cau.ses  the  contents  to  flow  from  one  r-hamber 
to  the  other.  The  sha|>e  of  the  ca?cum  varies  greatly — usually  it  is 
kidney  sha|)e<l.  sometimes  it  is  heart  shaped,  and  occasionally 
dumb-bell  sha[)e(l.  depending  u|>on  the  pulling  up  of  the  (fsoiihagus  and 
the  degree  of  constriction  in  the  middle.  (Figs.  "J.  .'V  I  in  Plate  II 
show  the  various  Hha|>es  of  the  c-i-iiim.)  This  structure  is  presi-iil  in 
the  cercaria  of  Srh.  jninmirutn,  but  no  mention  of  it  is  made  l>y 
Ca|>tain  Sewe||(")  in  his  de,scription  of  the  new  (•er<aria  staled  to 
resemble    the    former.     The    structure  itself  is  su  prominent  that    it 
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cannot    easily   be    missed,   and   the  absence  of  it  in  Captain  Seweli's 
specimen  is  remarkable. 

Oral  Slicker. — The  oral  sucker  is  a  thick  iniisciilar  structure  situated 
at  the  anterior  extremit}'  of  the  body.  It  measures  64  ii.  in  length  and 
45  /»  at  its  broadest  part.  It  may  be  divided  into  an  anterior  and  a 
posterior  portion.  The  anterior  portion  is  in  direct  contact  with  the 
cuticle  of  the  body — its  wall  in  this  situation  being  reinforced  by 
muscular  fibres  under  it,  while  the  posterior  portion  is  separated  from  it 
by  paranchymatous  tissue.  This  portion  is  pyriform  in  shape  and  very 
muscular.  Its  wall  contains  layers  of  longitudinal  and  circular  muscle 
fibres  and  has  a  thickness  of  "008  mm. 

In  the  centre  of  the  oral  sucker  is  situated  what  is  called  the  head 
gland.  This  gland  is  granular  and  opens  externally  in  the  middle  of  the 
head  between  the  two  groups  of  mucin  ducts — {See  Plate  I,  Fig.  2).  It 
is  surrounded  by  several  nuclei,  but  these  do  not  seem  to  be  a  part  of  the 
gland.  The  oesophagus  pierces  the  posterior  portion  of  the  oral  sucker 
in  the  middle  line  while  the  mucin  ducts  do  so  on  either  side  of  it.  The 
position  of  the  mouth  in  the  oral  sucker  has  already  been  described.  The 
rest  of  the  oral  sucker  is  filled  with  paranchymatous  tissue  and  nuclei. 
The  relation  of  these  various  structures  in  the  oral  sucker  is  shown  in 
Plate  I,  Fig.  2. 

The  anterior  end  of  the  body  is  provided  with  what  appears  to  be  a 
protrusible  snout.  In  reality  it  is  a  part  of  the  anterior  portion  of  the 
oral  sucker  which  is  rhythmically  pushed  out  and  rolled  in  by  the  strong 
muscular  action  of  the  po.sterior  portion.  When  the  snout  is  rolled  in, 
the  opening  of  the  head  gland  as  well  as  those  of  the  mucin  ducts  on 
either  side  of  it  are  turned  towards  the  centre  of  the  sucker,  but  when 
it  is  pushed  out  the  spincd  ends  of  the  mucin  ducts  are  turned  outwards 
and  thus  come  in  contact  with  any  object  to  which  the  head  is  applied  ; 
at  the  same  time  the  muscular  action  of  the  posterior  portion  of  the 
oral  sucker  forces  out  the  contents  of  the  ducts  through  their  spined 
ends.  This  movement  of  the  anterior  end  of  the  body  has  coirelation 
with  penetration  of  the  cercaria  into  the  final  host.  This  subject  will 
be  discussed  later. 

Mucin  Glands. — The  posterior  half  of  the  body  of  this  cercaria  is 
filled  with  a  number  of  unicellular  glands  disposed  around  the  acetabulum. 
One  could  make  out  five  such  glands  on  each  side  of  the  middle  line. 
They  may  be  di\-ided  into  two  groups — an  anterior  and  a  posterior  one. 
The  anterior  group  consists  of  two  pairs  of  flask-shaped  glands  measuring 
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Mixtiit  04  x'Oir>  m.ms.  with  r(iuiuit><l  t)a.s<>|iliilii-  niuloi  ;  ami  is  situated 
in  fn»nt  of  the  ventral  sucker.  The  protophi.sin  «>f  this  };ri)U|)  <>f  fjhiiulH  is 
coarsely  jiranular  ami  the  granules  are  acidophilic.  In  stainoil  sections 
the  granules  take  a  deep  eosin  stain  like  the  granules  of  eosinophile 
leucocytes  and  stand  <)ut  prominently.  The  posterior  group  consists  of 
three  pairs  of  glands  and  is  situated  on  either  side  and  behind  the 
acetabniuni.  These  glands  contain  slightly  larger  nuclei  and  their 
protoplajim  is  very  finely  granular  or  almost  homogeneous.  In  stained 
sections  it  takes  a  faint  hematoxylin  colour  and  stands  in  marked 
contrast  with  the  large  acidophyle  granules  of  the  anterior  group. 
Thia  contrast  is  also  brought  out  in  the  living  cercaria  stained  by  the* 
intra\ntam  method  when  the  anterior  group  of  coarsely  granular  glands 
remains  unstained  while  the  jx>stcrior  group  appears  deeply  .stained. 

The  differentiation  between  the  coarsely  granular  acidophilic  and  the 
finely  granular  or  almo.st  homogeneous  basophilic  group  of  glands  has 
also  been  notetl  in  the  cercaria  of  Srh.  nidHnoni  (Faust)!")  and  in  the 
Cercarirr  nulutr.  tvjie  XXX.  described  by  (.'a|>tain  .Sewell('*),  though  in  the 
latter  Captain  Sewel I  describes  both  groujKs  as  acidophilic.  It  is  worthy 
of  note  that  this  differentiation  is  not  found  to  exist  in  the  cercaria  of 
Sch.  httmntohium  and  Sch.  jojxmiruiH — (Faust)!"),  Cort!"). 

From  these  glands  ducts  pass  forwards  one  from  I'ach  gland  along 
either  side  of  the  middle  line  to  enter  the  oral  sucker  and  open  at  the 
anterior  end.  Ducts  froni  each  group  of  glands  can  be  distinguisheil  by 
their  contents  which  are  coarsely  granular  in  one  case  and  almost  trans- 
parent in  the  «)ther.  In  the  middle  of  the  body  the  course  of  these  ducts 
is  deflected  towards  the  middle  line  in  order  apparently  to  accommodate 
two  large  nia.sses — the  lobes  of  the  central  nervous  sy.stem — between  them 
and  the  bo<Iy  wall  on  either  side.  These  two  lobes  ajtpcar  to  be  con- 
nected by  a  median  commi.ssure  lying  dorsad  to  the  ducts.  No  attempt 
wa«  made  to  trace  the  branches  of  these  lobes.  At  the  upper  border  of 
these  lobes  the  ducts  are  again  deflected  outwards  when  they  enter  the 
oral  sucker.  The  ducts  at  the  entrance  arc  considerably  constricted 
while  |ias.'<ing  through  the  thick  muscular  wall  of  ihe  sucker.  (.SVc  Plate 
II,  Fig.  5).  Within  the  sucker  they  again  spread  out  and  opn  externally 
at  the  anterior  end  of  the  protnisible  snout  on  each  side  of  the  middle  line. 
Near  the  opening  the  ducts  an-  slightly  exjuinded  giving  the  ends  the 
appearance  of  knobs,  and  are  cap|>e<l  by  hollow  piercing  spines.  It  is 
rather  difficult  to  make  out  the  exact  number  of  these  spines,  for  in  a 
living  preparation  they  do  not  all  lie  in  the  same  plane,  but  in  a  sort  of  a 
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liuiuli  and  cannot  all  he  bi'ouglit  into  forus  at  the  same  tinie  ;  and  the 
constant  pushing  out  and  rollintf  in  action  of  the  snout  often  makes  this 
determination  extremely  tedious.  The  relation  of  the  liollow  spines  to 
the  ducts  has  not  been  clearly  shown  by  C'ort.  In  his  description  of  the 
cercai'ia  of  iSV7/.  japonicum  and  also  in  his  figuie  (Cort{*').  page  193, 
Fig.  1)  he  has  shown  five  spines  on  one  side  and  only  four  on  the  other, 
although  the  mucin  glands  have  been  stated  to  be  five  on  each  side.  It 
must  be  clearly  understood  tliat  the  relative  number  of  mucin  glands, 
mucin  ducts  and  the  hollow  sj)ines  is  always  tlie  same,  for  it  has  been 
determined  that  a  single  duct  ari.ses  from  each  mucin  gland  and  that  each 
such  duct  is  capped  l)y  a  hollow  spine,  and  it  is  througli  the.se  spined  ends 
of  the  ducts  that  the  secretion  of  the  mucin  glands  is  ejected. 

Tills  is  true  not  only  of  this  species  but  also  of  other  furcocercous 
cercaria;  examined  by  the  writer.  These  observations  entirely  agree  with 
those  of  Faust  made  on  cercaiiaj  of  Sch.  hcjeinalohium,  Sch.  mansoni 
and  other  schistosome  larvEC,  and  indicate  the  probable  function  of 
these  glands,  which  appears  to  be  to  su])ply  the  secretion  which  by  its 
cytolytic  action  may  help  the  cercaria  to  create  a  breach  of  surface 
against  which  it  applies  its  bead  with  the  spined  ends  of  ducts  and  thus 
facilitate  penetration  into  the  body  of  the  host. 

Excretory  System. — The  excretory  sy,stem  of  this  cercaria  is  typical 
yf  the  schistosome  group.  It  closely  resembles  that  in  the  cercaria  of 
Srhislosomum  japonicim  in  its  general  arrangement,  and  in  the  course 
and  distribution  of  the  main  excretory  trunks,  though  it  differs  from 
the  latter  chiefly  in  the  number  and  position  of  the  flame  cells.  The 
main  excretory  trunks  ia  the  body  arise  as  the  anterior  continuations 
of  the  two  coruna  of  the  bladder  {see  Plate  I,  Fig.  3),  and  taking  a 
somewhat  tortuous  course  pass  forwards  on  each  side  of  the  acetabulum 
to  a  point  midway  between  it  and  the  cajcum.  At  this  point  each  trunk 
nuikes  a  bend  and  runs  outwards  and  backwards  for  a  short  distance, 
when  at  the  level  of  the  acetabulum  it  di^^des  into  two  branches,  the 
anterior  and  the  posterior  collecting  tubules.  In  the  portion  of  the  main 
trunk  between  the  beginning  of  the  bend  and  its  bifurcation,  are  two 
fu.siform  dilatations  each  containing  a  bunch  of  vibratile  cilia.  These  are 
attached  to  the  inner  wall  of  the  tube  and  appear  to  serve  the  purpose 
of  driving  the  contents  of  the  tortuous  tube  in  which  the  flow  is  liable 
to  stagnate.  Indeed  in  specimens  stained  by  the  intravitarn  method 
small  excretory  granules  were  observed  to  be  swept  by  their  current  and 
were  noticed  to  enter  the  bladder. 
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While  rxaniining  living  speoimeiis  which  are  <inly  |mrtially  llatlened 
."■evenil  bright  |M)int.s  an*  seen  in  the  course  of  the  main  trunk.  These 
are  due  to  nuinen>us  kink<  pnMlui-tMl  hy  press\ire  upon  the  tortuous 
tube. 

The  anterior  coilec-tin<;  tubule  iMisses  forwanls  (cephaiail),  and  is 
joineti  by  two  smaller  t\ibules  arising  fn>ni  the  flame  ceils  situated  in  front 
of  the  acetabulum.  The  most  anterior  of  them  is  located  a  little  below 
the  lower  border  of  the  oral  sucker  about  midway  between  the  michlle 
line  and  the  outer  bonier  of  the  bcnly.  Its  cilia  are  directed  backwards 
(caudad),  and  a  long  thin  tubule  arising  from  this  passes  backward  where 
it  isjoine<l.a  little  in  front  ofthecaH-um,  by  another  short  tubule  fiom  the 
second  flame  cell  locate«l  at  the  level  of  the  organ  clo.se  to  the  outer  border 
of  the  body.  Cilia  of  this  flame  cell  are  directed  inwards  and  forwards 
and  the  tubule  nnis  in  the  .same  direction. 

The  posterior  collecting  tube  passes  backwanis  (caudad),  and  is 
joine<l  by  smaller  tubules  arising  from  three  flame  cells  situated  as 
follows  :  — 

One  in  the  tail  alxiut  ■(>:{  m.ni.  from  its  pro.ximal  end.  The  other 
two  are  situated  in  the  posterior  j)art  of  the  body  behind  the  acetaludum. 
The  |M).sition  of  the  flame  cells  and  the  distriljution  of  the  excretory 
tubules  is  shown  in  Plate  1.  fig.  -i.  The  flame  cells  in  the  tail  are 
somewhat  larger  than  tho.se  in  the  body.  The  action  of  tlieir  cilia 
apiiei;r<d.  to  b?  render  dinore  vigorous  by  slight  pressure.  In  more  than 
one  instance  they  were  observed  to  keep  on  flickering  for  over  a  minute 
after  the  detachment  of  the  tail. 

The  excretory  bladder  is  situated  at  the  jjosteriorend  of  the  IkkIv. 
It  is  thin-walled  and  bicornuate  in  shajie  and  is  continue<l  Ijackward 
where  it  is  joined  by  the  tubule  in  the  tail.  The  junction  i.s  marked  by  a 
characteristic  anastoino.sis  whidi  gives  rise  to  the  formation  of  an  island 
an«l  gives  an  indication  of  the  original  paired  arrangement  of  the  tube 
in  the  tail.  The  e.xcretor)-  duct  in  the  tail  nuis  as  a  single  tubule  to  its 
distal  end,  where  it  bifurcates  to  enter  the  furcal  rami  and  pas.ses  to  the 
tip  where  it  opens  externally  in  a  peculiar  bullMjus  expansiim.  (.SV* 
ITate  I,  Fig.  1  ;  also  Plate  II,  Fig.  1.) 

Cort  has  drawn  attention  to  the  ini]iortance  of  the  excretory  system 
an  a  means  of  distinguishing  schistosome  cercariiP.  In  his  paper  on  the 
'  Homologie*  of  the  excretory  system  of  the  forked  taileil  cercaria-f'")', 
he  has  shown  how  markedly  the  nundx-r  and  position  of  the  flame  cells 
difler  in  different  furcocercous  cercaritt-. 
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Compaiinji  the  present  species  with  the  cercaria  of  <SV/(.  jajmnicrim 
one  finds  several  points  of  agreement,  i)(2.,  the  course  and  arrangement 
of  the  excretory  tubules  both  in  the  body  and  in  the  tail,  the  two  ciliated 
areas,  the  bladder,  the  '  island,'  and  the  two  excretory  pores  at  the  tip  of 
the  furci  with  their  bulbous  ends.  Two  points  of  difference  will,  however, 
be  noted.  The  character  of  the  ciliated  areas  in  the  expanded  portion  of 
the  main  trunk  in  the  body  is  different  (^'^rfe  Cort  (")  prg  i  497,  Fig.  2), 
and  that  there  are  four  pairs  of  flame  cells  in  the  body  of  this  species, 
while  the  Japanese  species  possesses  only  three. 

It  must  be  stated  here  that  this  system  is  so  difficult  to  study  and  to 
trace  \vith  accuracy  that  it  is  little  wonder  that  different  observers  gave 
incomplete  and  varying  description  of  it,  e.  g.,  Miyairi  and  Suzuki(ii) 
stated  that  the  excretory  system  of  the  cercaria  of  Sch.  japonicum  has 
five  pairs  of  flame  cells.  Miyagawa  (quoted  by  Cort)('*)  saw  only  the 
main  tubules  of  this  system  in  the  body  and  missed  its  connections  in 
the  tail.  Ogata('2)  found  two  paired  laterally  symmetrical  flame  cells 
with  vessels.  While  Cort  has  definitely  stated  that  it  possesses  three  pairs 
of  flame  cells  in  the  body  and  one  in  the  tail.  Again  Iturbe(i^)  saw  five 
pairs  of  flame  cells  in  the  cercaria  of  Sch.  mansoni  including  one  pair  in 
the  tail— a  number  identical  with  that  in  the  present  species,  but  gives 
no  description  of  the  details  of  the  system ;  and  Manson-Bahr 
and  Fairlevl'-*)  state  that  the  e.xcretory  system  of  these  schistosome 
cercarife  (<SV7i.  luematobium  and  Sch.  mansoni)  '  consists  of  six  pairs 
of  flame  cell.s  arranged  along  the  margins  of  the  body.'  Cort, 
however,  from  his  knowledge  of  the  homologies  of  the  excretory 
system  of  the  forked  tailed  cercarise  in  general  would  expect  to  find 
this  svstem  in  the  uercarise  of  Sch.  hwmatobium  and  Sch.  mansoni 
closely  corresponding  to  the  conditions  described  by  him  for  the 
cercaria  of  Sch.  japonicum. 

Genital  System. — The  genital  system  of  this  cercaria  is  rudimentary 
and  is  represented  by  a  cluster  of  small  round  cells  situated  ventrally 
just  posterior  to  the  acetabulum.  One  could  count  about  twenty-four 
cells  in  such  a  cluster.  No  collections  of  cells  representing  the  testes 
described  by  Captain  Sewell(*)  for  the  ctrmri-v.  iniicw,  type  XXX.  could 
be  made  out,  though  several  paranchymatous  cells  foimd  in  other 
regions  of  the  body  were  also  present  on  the  posterior  and  lateral 
border  of  the  body. 

The  determination  of  the  sex  of  the  schistosome  cercariae  is  a  matter 
of  considerable  difficulty  ;  in  fact ,  it  is  not  possible,  in  the  present  state  of 
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our  knowlwlge.  to  say  willi  any  certainty  wlu'tlior  n  particular  ccrcaria 
will  develop  into  a  male  or  a  female  schistosome,  nor  is  it  detinitcl  v  known 
whether  these  cercariic  arc,  as  is  suggested  by  Captain  Sewell,  and  also 
by  Faust('*)  by  his  description  of  CVrmrjVi  graciUimn.  hermaplirodite.  and 
during  development  one  of  the  sex  elements  present  is  suppresse<l  or  X\m\\ 
even  in  the  larval  stage  the  rudiments  of  the  genital  system  arc  s|)eciHc, 
and  that  the  male  cercaria  devploj>s  into  a  male  schistosome  antl  a  female 
into  a  female  adult.  Leiiierl"")  suggests  that  the  cercaria>  from  a  single 
miracidium  may  all  In?  of  one  sex  and  states  that  he  tried  to  avoid  getting 
adults  of  one  sex  only  in  his  experimental  aninials  by  using  cercaria' 
derived  from  more  than  one  specimen.  Some  experiments  were  made  to 
te«t  this  point.  Young  goats  were  subjecte<l  to  infection  with  the 
cercariac  derived  from  a  single  mollusc.  The  number  of  cercariaj  obtained 
varied  from  10.000  to  15.000.  After  the  lajwe  of  about  eight  weeks,  the 
animals  were  e.xamine<l.  but  in  no  case  were  any  mature  parasites  found 
in  them.  The  result  may  have  been  due  to  the  paucity  of  the  cercaria- 
emploved.  for  in  the  case  of  other  similar  experiments  in  wliich  mature 
schisto-somes  of  both  .sexes  were  found  as  many  as  over  100.00(1 
cercariir  derive*!  from  several  mollu.scs  were  employed. 

Movrment. — When  observed  in  a  small  quantity  of  water  in  a  test 
tube  the  cercariaD  can  just  be  seen  with  the  naked  eye.  With  a  iiand 
lens  they  are  seen  to  hang  in  water  with  the  head  down  and  the  tail  turned 
upwards.  In  this  |H>sition  the  cercaria'  do  not  remain  stationary,  but 
gradually  sink  when  suddenly  they  begin  to  swim  actively  and  in  this 
action  ri.'«e  to  a  certain  height  in  the  water  again.  This  movement  is 
in  a  more  or  le.ss  straight  line  either  ])erp<'ndicularly  upwards  (and  this 
is  the  nio.Ht  usual  direction)  or  at  an  angle — but  the  motion  is  never  of  an 
irregularly  winding  character  as  in  some  other  furcocerious  cercaria- 
found  in  Bombay. 

On  a  substratum  the  cercaria  moves  by  a  rapid  crawling  movement. 
The  exact  manner  may  thus  be  de.scribed.  The  animal  fixes  itself  to  the 
surface  by  means  of  its  ventral  sucker,  the  furci  of  the  tail  come  together 
and  both  the  body  and  the  tail  then  undergo  rapid  vibration,  the  ventral 
Hucker  acting  as  a  pivot.  After  a  scconfl  ortwr),  the  vibration  ceases,  the 
furci  open  out,  the  portion  o{  the  Ixxly  in  front  of  the  ventral  sucker  is 
extended,  and  the  oral  sucker  takes  hold  as  far  forward  as  possible.  The 
hold  of  the  ventral  sucker  is  then  released,  the  body  is  contract<d  and 
arched,  the  ventral  sucker  is  thus  pulled  forwarrls  and  takes  a  fresh 
hold.     The  hold  of  the  oral  sucker  is  then  let  o|T  and  the  IxkIv  and  tail 
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rapidly  vibrate  when  the  whole  nianopuvre  is  repeated  and  the 
cercaria  makes  ra))id  jiro^ress.  After  home  time  the  animal  appears 
tired  and  the  sih'ciI  of  tlic  iiio\{MiiiMit  is  slowed  dnwii.  Duiint;  this 
slower  progress  the  cercari.i  lunids  its  iiody  and  appears  to  be  in 
the  act  of  licking  or  biting  al  the  ventral  suckci-  which  is  j)rojected 
sideways  every  time  it  makes  a  foiward  move.  After  some  time  the 
cercaria  sheds  its  tail  which  keejjs  on  vibrating  for  some  time,  and  the 
body  moves  in  a  slow  creeping  sort  of  mo\-ement  and  e\-entually  the 
larva  dies. 

If.  however,  on  its  way  the  cercaria  meets  with  some  soft  obstruction 
such  as  debri.?4)r  snail  tissue  irs  movements  often  acquire  a  \-igour  and 
persistence  so  that  the  cercaria  linally  succeeds  in  penetrating  the  tissue. 
These  movements  a])]jear  to  have  a  correlation  with  penetration  into 
the  .skin  of  the  host.  In  several  instances  cercarite  were  watched  in  a 
mass  of  debris  and  snail  tissue.  The  movements  e.xecuted  resembled 
intelligent  attempts  at  penetration.  A  firm  hold  was  obtained  by 
means  of  the  ventral  sucker  and  the  body  extended  and  reached  in  all 
directions  as  if  trying  to  find  a  suitable  point.  Having  foimd  one  it 
api^lied  its  anterior  end  against  it  and  vigorously  pushed  out  the  protru- 
sible  snout.  This  pushing  out  of  the  snout  turned  the  spine  pointed  ends 
of  the  gland  ducts  outwards  and  brought  them  in  direct  contact  with 
the  tissue.  Several  times  during  such  movements  juinute  droplets  of 
secretion  were  observed  to  issue  from  the  ends  of  the  ducts.  The  snout 
would  then  be  rolled  in  and  by  this  alternate  pushing  out  and  rolling  in 
action  the  cercaria  would  effect  a  breach  in  the  surface,  and  the  anterior 
end  would  be  pushed  in  by  the  exten.sion  of  the  body.  The  spines  on  this 
portion  of  the  body  would  prevent  it  fiom  slipping  back  when  the  hold  of 
the  ventral  sucker  is  released,  and  by  taking  a  fresh  hold  in  advance  of 
the  ])revious  one  and  repeating  the  pushing  movements  the  cercaria 
woidd  succeed  in  penetrating  the  tissue. 

These  observations  give  an  idea  of  how  the  cercaria  enters  the  host, 
for  it  is  chiefly  by  penetrating  the  skin  that  infection  by  this  parasite 
takes  place  as  has  been  shown  by  successful  artificial  infection  experi- 
ments bv  this  method  {vide  Liston  and  Soparkar).(-)  Faust  found  no 
record  of  encystnieut  in  the  grou]i  of  furcocercaiia  and  this  s]iecies  is  no 
(ixception  to  the  rule. 

Inlermedinte  host. — The  cercaria  of  Sdi.  sjiindalis  develoj)s  in 
Plaiiorbis  exustus  and  was  first  found  in  .Tanuary.  1917,  in  sloughs  in 
Mahim,  near  Bombay.     The  mollusc  itself  is  widely   di.stributed,     The 
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.Vii<<.— Th*  uuUk  wrro  pxamincl    for  infection  by  Irxiking  for  rrrcnria  ilinchnrtfol  by 
thrm  into  water. 


It  will  Iw  nntr«l  that  tlio  iiuidciicc  of  infection  is  liifitii'st 
(liirin);  th«»  aiitiinin  nionth.t  and  lowest  «iiirin)j  late  winter  and  early 
xpriiiK-  fn  n  majority  of  innfanres  the  mollusc-  were  infected  with  a 
winjjie s|)«»rios,  hut  in  .'«iine  in.'«tanres  there  was  a  doidile  infection  :  this 
«|>i»ne}i  liein^  a.'«.'uK-iate<l  with  another,  a  Xiphidio  cercaria  ;  in  others  it 
WHS  aHiwK'iMte<l  with  another  fiir<-ocprcoiis  cercaria  '  Ctrftir.o  iHiiiilmi/rnn^ 
Xn.  ••,'  and  on  one  occasion,  all  tliese  three  forms  were  found  in  a 
Hinftlp  mollusc.     Karelv  this  form  has  l»een  noted  in  f.ininini  tir>itiiii>'i(u. 
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Specimens  from  this  appeared  /morphologically  identical  with  the 
cercaria  of  Sch.  spindalis,  obtained  from  Plauorbis,  but  attempts  to 
infect  animals  with  these  did  not  prove  successful.  The  failure  may 
partly  be  attributed  to  the  small  number  of  cercarise  obtained. 

Paiihenitce. — The  infected  organ  of  the  snail  has  sometimes  a 
yellowish  brown  and  at  others  a  dark  slate  grey  colour.  The  cercaria- 
develop  in  small  cylindrical  sporocysts  measuring  about  12  mm.  in 
length  and  about  '15  mm.  in  diameter.  The  wall  is  very  thin  and  is 
formed  by  a  delicate  layer  of  connective  tissue  lined  by  a  single  layer  of 
nuclei.  It  is,  however,  elastic  and  allows  of  considerable  stretching  by 
the  movements  of  the  contained  cercarise.  Each  sporocyst  contains  from 
6  to  8  cercaria  in  various  stages  of  development.  The  dark  colour  of  the 
infected  organ  is  often  due  to  the  deposition  of  numerous  dark  granules 
in  the  wall  of  the  sporocyst.  The  sporocysts  are  firmly  attached 
to  tissues  of  the  digestive  gland,  and  it  is  difficult  to  tease  out 
separate  indi\'iduals.  No  rediae  formation  has  been  noticed  in  this 
species. 

Cort(^)  states  that  the  cercari;«  of  the  human  schistosomes  are  very  • 
small  and  develop  in  elongate  motile  sporocysts  (italics  mine).  The 
cercaria)  .of  Schistosomum  spindalis  as  mentioned  above  also  develop  in 
small  elongate  sporocysts  but  the  latter  are  not  motile.  The  writer  has 
during  this  investigation  met  with  other  furcocercous  cercarise  which 
develop  in  elongate  motile  sporocysts,  but  these  have  not  yet  been  shown 
to  belong  to  the  group  of  schistosomes. 

Comparison. — In  the  accompanying  Table  II  partly  adapted  from 
Faust  a  comparison  is  made  between  the  present  species  and  the  human 
species  of  schistosome  cercaria?  and  also  the  form  recently  described  by 
Captain  Sewell. 

The  features  for  comparison  given  in  this  table  are  more  detailed 
than  those  given  by  Leiper  who  characterised  Sch.  cercarise  as 
^pharyngeal  furcocercous  cercarise  without  eye-spots.  Much 
work  has,  however,  been  done  by  Iturbe,  Gonzalez,  Cort,  Faust, 
and  others  since  Leiper's  original  description  of  these  forms,  and  several 
furcocercous  and  other  cercarise  have  recently  been  studied  and 
described.  In  view  of  the  above,  it  would  be  advisable  to  define 
in  greater  detail  the  limits  of  the  human  and  animal  schi,stosome 
cercarise. 

An  attempt  is  made  in  the  following  tentative  table  to  present  the 
main  anatomical  and  other  features  which  are  common  to  all  the  human 
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and  animal  forms  so  far  studied  leaving  aside  the  consideration  of  Giganto- 
bilharzia  (Odhner'^),  AnstrohiUiarzia  (Johnston'^),  Ornithohilharzia 
(Odhner'^)  and  other  avian  forms,  of  the  cercarise  of  which  we  have  at 
present  very  little  knowledge. 

Table  giving  some  common  characters  of  known  human  and 
animal  schistosome  cercaria. 

1.  They  are  distomes — having  an  oral  and  a  ventral  sucker. 

2.  They  are  furcocercous  cercariae — having  a  bifid-tail. 

3.  The  furci  of  the  tail  are  not  more  than  about  half  the  length 

of  the  tail  trunk. 
•1.     The  v-entral  sucker  is  situated  near  the  posterior  end  of  the 
body. 

5.  The  oral  sucker  is  provided   at  the   anterior  end  with  an 

invertible  pouch  or  a  protrusible  snout. 

6.  Body  and  tail  are  covered  with  spines. 

7.  Body  possesses  no  pigment  or  'eye'  spots. 

8.  Muscular  pharynx  absent. 

9.  Caecum  short  and  small. 

10.  Paired  group  of  mucin  glands  around  the  ventral  sucker. 

11.  Mucin  ducts  arising  from  these    glands  and  entering  the 

oral  pouch. 

12.  Duct  openings  capped  by  hollow  piercing  spines. 

13.  A  collection  of  germ  cells  present  behind  the  acetabulum. 

14.  Excluding  those  in  the  body,  a  single  pair  of  flame  cells 

present  in  the  tail. 

15.  E.xcretory  canals  open  at  the  tip  of  the  furcal  rami. 

16.  Development  in  sporocysts. 

17.  No  redise  formation. 

18.  No  encystraent. 

The  above  common  characters  are  based  upon  our  knowledge  of  the 
morphology  of  the  cercaria?  of  the  three  human  and  one  animal  infecting 
schistosome  ;  and  looking  to  the  close  similarity  in  general  characters  of 
the  various  schistosome  cercariae  so  far  known,  it  would  not  be 
unreasonable,  excluding  the  avian  forms,  to  expect  similar  characters 
to  be  present  in  other  schistosome  cercariae  also. 

It  may  be  noted  that  among  others  the  cercariae  of  Sch,  bovis,  Sch. 
bomfordi  and  Sch.  indicum  of  the  animal  species,  have  yet  to  be  discovered 
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«nil  this  table  is  intciuivil  to  s«rve  ns  u  miitlo    to  tlu'ir  recognition  wlien 
uiet  with. 

yotHfiiclalure.-  -Although  from  u  zoological  standpoint  the  cercaria 
is  nierelv  a  larva  of  thi*  adult  |titrasite  and  does  not  deserve  a  separ  te 
aame  ;  for  the  sake  of  convenience  of  description  and  reference.  1  would 
suggest  the  name  of  St-hisl(x-frcari(r  to  the  group  of  kiwiai  sc/iinlvsomf 
cerrtind,  i.e.,  the  identity  with  the  ailult  schistosouies  of  wliiili  ha.s  been 
thoruughly  established.  The  group  will  naturally  be  an  exjjanding  one 
including  within  its  fold  every  new  schistosome  cercaria  adult  of  which 
becomes  definitely  known.  It  will  at  the  same  time  exclude  those  classed 
as  schisto.somid  larva-  from  their  morphological  characters  alone,  but 
whose  identity  with  the  adult  has  not  been  experimentally  proved. 
Each  individual  of  the  above  g  oup  may  then  be  referred  to  by  the 
addition  of  the  specitic  name  of  the  adult.  Thus  the  cercaria  of 
Srhislosuni'im  jiiponirum  or  the  cercaria  of  Schisluiiomum  hamatobnnn 
may  be  referred  to  in  short  as  Hchistocercaria  jujuniicum  and 
Schislocffcaria  htftnaiobium  respectively. 

SiM.M.\KY  .\ND  Discussion. 
A  detailed  description  is  given  of  the  morphological  characters  of 
the  cercaria  of  Schistusomum  spimUilis,  the  identity  of  which  was  jirovcd 
by  raising  the  adult  parasites  from  the  larva-  and  also  by  obtaining  the 
larva-  from  the  adult.  A  comparison  is  made  in  the  table  of  the  charac- 
ters of  the  cercarife  of  three  human  and  one  animal  schisto.some,  and 
also  a  fomi  described  by  Captain  Sewell  as  Cercaria  indica,  type  XXX, 
found  in  Calcutta.  The  inclusion  of  this  form  in  the  table  has  beeu 
necessitated  by  the  fact  that  in  his  description  of  this  cercaria,  Captain 
.Sewell  asserts  that  it  is  almost  identical  with  the  cercaria  of  the  Jajmnese 
nchist'isome  and  feels  justified  in  raising  an  alarm  as  to  'the  possible 
occurrence  of  Srh.  jnj^muum  Katsurada  in  India,'  in  the  title  of  his 
[Niper.  It  will  be  interesting  to  see  how  far  this  view  is  justified  or  it 
warranted  by  the  facts.  As  will  be  apparent  from  the  table,  thegenernl 
morphological  features  of  the  four  different  fchistosome  cercaria-  ar- 
closely  similar,  and  that  such  differences  as  exist,  though  important,  are 
small.  Again,  it  is  difficult  always  to  determine  with  certainty  some  of 
these  small  differences  and  other  morphological  details,  e.g.,  in  regard  to 
the  number  of  nmcin  glands  to  which  Faust('')  attaches  diagnostic  impor- 
tance and  states  that  the  cercaria;  of  Srh.  haenuiloituni,  Srfi.  innniu/m 
and  Sch.  japjnicum  are  easily  distinguished  on  the  ba.ijs  of  number  and 
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type  of  mucin  glands  and  ducts,  and  their  outlets  ;  Cort^•')  states  that 
it  is  not  easy  to  distinguisli  dearly  the  outlines  of  the  ce]>halic  (mucin) 
glands  and  to  determine  their  exact  nvnnber.  In  regard  to  the  flame 
cells  also  the  same  difficult}'  of  accurately  determining  their  number  is 
borne  out  by  the  var}ing  descriptions  of  the  excretory  system  of  the 
cercaria  of  Schistosomum  japoiiicuin  given  by  different  observers  : 
examples  of  these  have  already  been  given  in  the  text.  Thus  not  only 
are  the  differences  minute,  but  even  these  are  often  too  indefinite  and 
uncertain.  And  it  is  likely  that  a  wrong  conclusion  may  be  arrived  at 
as  to  the  identity  of  any  cercaria  by  either  ignoring  the  small  differences 
or  by  inadequate  morphological  observations. 

Comparing  the  new  form  described  by  Captain  Sewell  with  the 
cercaria  of  Sch.  japonicum,  it  will  be  found  that  in  spite  of  its  close 
resemblance  in  other  respects  it  differs  from  the  latter  chiefly  in  measure- 
ments, in  the  character  of  the  group  of  mucin  gland  cells,  and  in  the  nature 
of  the  host.  Captain  Sewell  considers  the  first  as  negligible,  regards  the 
second  as  a  physiological  rather  than  a  morphological  difference,  and 
makes  no  mention  of  the  last.  As  regards  measurements,  it  will  be 
noted  that  variations  in  the  cercarise  of  the  same  species  is  \-ery  slight  and 
that  there  is  no  evidence  to  show  that  it  is  greater  in  specimens  from 
different  parts  of  the  world.  A  rough  comparison  of  the  several 
schistosome  cercaria?  depicted  in  Plate  II,  Fig.  6,  will  show  that  Captain 
Sewell's  specimen  resembles  Sch.  mansoni  as  much  as  it  does  Sch. 
japonicum.  Regarding  his  assertion  of  the  second  difference  being  a 
physiological  rather  than  a  morphologcal  one,  it  is  worth  noting  that 
the  same  differentiation  of  the  mucin  gland  cells  into  coarsely  granular 
and  finely  granular  or  almost  homogeneous  cells  has  been  observed, 
as  has  already  been  pointed  out,  in  the  cercarise  of  Sch.  mrinsont,  as  well 
as  in  the  present  species  (Sch.  spindalis).  and  in  this  respect  the 
species  described  by  him  would  resemble  these  forms  especially  the  latter 
more   than  the  Japanese  form. 

As  to  the  difference  between  Captain  Sewell's  specimen  and  the 
Japanese  form  in  the  nature  of  their  intermediate  host,  it  may  be  stated 
that  altnough  Cort.(20)  has  shown  that  the  forked-tailed  cercariae  adapt 
themselves  to  new  molluscan  intermediate  hosts,  his  examples  of  such 
adaption  do  not  go  beyond  narrow  limits  of  members  of  closely  allied 
families — e.g.,  Planorbis,  Limna-a  and  Physa.  One  would  not  be  justified 
without  some  convincing  proof,  in  assuming  from  tliis  that  a  cercaria 
of  Sch.  japonicum  which   in  Japan   develops  in  an  operculate  mollusc 
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(Hifptobm  Mo»ophorit)o{  the  Hyilrobui  fiimily  will  U(lu|it  itnolf  lu  liidiiito 
noii-operculate  uiolluscii  PUtnorbis  and  LniiinKi  (in  wliicli  C'lijiluin 
SowelTs  K|>eciiii(>ii  is  8tate<l  to  «levi'lo|>)  helonniii);  to  an  eiitirolv  tlilTeront 
itnier,  esjH>cially  when  there  exist  in  this  country  oj>erculate  niollusi\s  of  a 
clost'ly  rolateil  family  ami  ca|>able  of  harbouring  tercariie.  It  would  thus 
ajipear  that  there  are  important  morphological  and  other  diflerences 
between  the  cercariw  of  Sih.  juponuinn  and  the  species  described  by 
Captain  Sewell.  The  Indian  s|)ccie8  cannot  be  taken  a.s  identical  with 
the  Jaimnese  f«»rm  in  absence  of  a  more  convincing  e.\i)erimental  j)roof. 
The  suggestion  made  by  Captain  Sewell  as  to  the  iK>ssil)le  occurrence 
of  the  disease  in  India,  would,  therefore,  ap|)ear  i)remature.  Meanwhile 
the  results  of  infection  experiments  which  are  stated  to  be  in  i)rogress 
will  be  awaited  with  interest. 

In  conclusion,  1  desire  to  express  my  sincere  gratitude  to  Lt.-Col. 
Wiu.  Glen  Liston,  the  Director,  for  the  keen  interest  he  has  taken  in  the 
investigation,  and  for  his  constant  help  and  encouragement,  and  valuable 
criticism. 
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Introduction. 

The  study  of  the  Indian  forms  of  furcocercous  cprcaria>  is  of  very 
recent  date.  During  the  present  investigation  which  began  about  the 
end  of  1916,  one  of  the  problems  taken  in  hand  was  to  ascertain  whether 
any  of  the  local  mollu.scs  was  capable  of  acting  as  an  intermediate  host  of 
human  bilharzial  disease  of  Eg>-pt.  It  was  necessary  before  untiertaking 
thes«  experiments  to  determine  how  far  the  indigenous  molluscs  were 
already  naturally  infected  with  trematwle  larvae.  In  the  course  of 
these  inve«tigations,  large  numbers  of  fresh  water  molluscs  were  examined 
and  different  types  of  furcocercous  and  other  cercaria?  were  discovered. 
The  importance  of  the  furcocercous  group  of  cercarim  lies  in  the  fact 
that  the  larval  forms  nf  schistosomes  or  the  bilharzial  [wirasites  of  man, 
domestic  animals,  and  birds  belong  to  this  group.  A  prominent  feature 
of  this  group  is  the  presence  of  a  bifurcate<l  tail.  Although  the  general 
appearance  of  most  of  these  furcocercaria;  is  similar,  minute  differences 
in  structure  exist  by  which  it  is  possible  to  differentiate  one  specii-s  from 
the  other.  A  detailed  study  of  the  structure  is,  therefore,  essential  for 
the  diagnosis  of  species  as  well  as  for  purposes  of  comparison. 

Paast(i)  (quoted  by  Kemp  and  Gravely)(*)  observes  that  '  a  mer<; 
superficial  description  of  the  worm  is  a  distinct  burden  on  the  literature. 
The  cercaria  should  be  carefully  8tu<lie<l  in  minute  detail  or  not  at 
sll.' 

(     23     ) 


liJ  Some  F urcocercous  Cercariw  from  Bainhay. 

Tliis  jiapcr  contains  a  descn})tion  of  such  of  these  furcocercaripe  as 
have  lecontly  been  studied  in  detail.  A  lengthy  deseiiijtion  of  each  has, 
however,  been  omitted,  as  it  was  feared,  it  would  entail  much  repetition 
owing  to  the  close  agreement  in  general  features  of  most  of  these  forms. 
It  is,  therefore,  considered  sufficient  after  having  already  given  a  detailed 
description  of  one  of  them — the  cercaria  of  Sckistosomum  spiiidalis(^) — 
to  briefly  describe  the  main  characters  of  others.  Particular  attention 
lias  been  paid  to  the  excretory  system  which  is  considered  an  important 
feature  of  these  larva;  and  separate  figures  are  given  showing  in  detail  the 
arrangement  of  this  system  in  each  type.  No  specific  names  but  only 
provisional  nuinijers  are  assigned  to  each  cercaria. 

Cercand  hinnbni/ensis  No.  8. 

(Plate  HI— Figs.  I,  2,  3,  and  i.) 
This  is  a  small  bilid-tailed  cercaria  with  pigmented  eye-spots.  When 
viewed  in  water  it  is  alwavs  seen  with  its  body  bent  on  one  side  and  the 
tail  turned  u|)war(ls.  This  is  the  only  forked-tailed  cercaria  I  have  met 
witii  which  develops  in  iedi;e.  The  redia;  are  small  and  their  anterior 
half  is  covered  with  spines.  The  muscular  pharyn.K  is  prominent  and  the 
intestine  is  long  and  reaches  the  wliole  length  of  the  structure.  The 
infected  liver  has  a  dull  greyish  yellow  colour.  The  sporocysts  are  small 
and  have  no  club-sha])ed  muscular  ends. 
The  cercaria  measures  as  under — 

(Specimen  killed  by  heat  and  measured  without  a  coverslip) 
Body  —    1:50       long      X    35  /x  broad. 

Tail  trunk       —    l'IO  /i       ,,       x    -1  fj.      ,, 
Furcal  rami    —      (i5  /x       ,, 

The  j)igniented  eye-spots  are  located  .55  ^  from  the  anterior  end. 
They  are  composed  of  a  central  retractile  lens  surrountled  by  granular 
brownish  black  pigment.  The  body,  tail,  and  the  furci  are  all  covered 
with  sharp  spines  ;  these  are  es2)ecially  marked  over  the  conical  anterior 
end.  On  the  posterior  half  of  the  dorsal  aspect  of  the  body  is  attached 
a  thin  narrow  membrane  which  when  thrown  into  folds  gives  the 
appearance  of  spines.  The  alimentary  system  is  simple,  and,  as  in 
.schisto.some  cercari.e,  consists  of  a  mouth  which  opens  a  little  behind  the 
anterior  end,  a  long  (i'so2)hagus  passing  through  the  oral  sucker,  and  a 
dilated  ca;cum  which  is  situated  about  80  ;u  from  the  anterior  end. 
There  is  no   trace  of  any  muscular  pharynx.     There  is  no  well  formed 
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Fig.   1.     '  'erearia  InmbinjensU  Nu.  8  Ventral  view. 
,       2.  „  ,.  showing  (letaiU  of  the  structure  of  tlic  bcxi* 

„      '.i.  „  „  showing    details    of   the    excretory   systeiii. 
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viMitwl  »Ufk»'r.  but  ill  its  place  is  seen  a  mass  of  cells  wliidi  appe^trs  us 
a  ru<iiiueiiturv  sucker.  It  jjlays  no  |)urt  in  locomotion  of  the  cetxaria. 
Uehinil  this  nuiiinentarv  sucker  is  a  cluster  of  small  round  cells 
rcprcsicnting  the  genital  system.  The  oral  sucker  is  situated  at  the 
anterior  end  and  measures  3-")  n  long,  and  is  provide<l  with  u  protrusihl 
snout  c«)vereil  with  |Hipilla<.  It  is  smaller  and  le.ss  muscular  than  that 
in  the  cercaria  of  Schiilosmn  iin  siiiiidnlif.  In  the  centre  of  it  is  sitiialed 
the  head  gland  with  its  granular  contents. 

Four  pairs  of  mucin  glands  are  l<K'ated  around  the  ciirum  aiul  ducts 
frt»m  these  pa.ss  forwartls.  and  enter  the  or.il  sucker  to  open  at  the 
anterior  end  on  either  side  of  the  ojKMiing  of  the  iiead  gland  in  the 
middle.  The  opening  of  each  duct  is  slightly  dilateil  and  is  C4i))ped  by  a 
hollow  piercing  spine,  similar  to  that  noteil  in  the  cercaria  of  SrliislosoiiiKin 
spihdalit. 

The  excretory  sy.stem  resembles  that  described  for  ilic  ct-rcaria  of 
Srh.  gpiiidalit.  It  j)osse.s.ses  five  pairs  of  flame  cells  including  one 
pair  in  the  tail.     The  four  jiairs  in  the  body  are  htcated  as  under  : 

One  behind  the  posterior  margin  of  the  oi-.il  sucker,  the  second 
on  eaich  side  of  the  caBcum,  the  thinl  nu  ejich  side  of  the  rndimeiitary 
ventral  sucker,  and.  the  fourth  at  the  posterior  end  of  the  body.  The 
ciliated  areas  in  the  main  excretory  canals  noted  in  the  cercaria  of 
Schigtosomnm  spindnlit  arc  also  ]ir&sent  in  this  species  ;  no  islet 
ana.Htomosis,  however,  could  be  made  out,  and  the  oi>enings  of  tlie 
branches  at  the  eml  of  the  furcal  rami  appeared  to  be  capped  with  a 
curved  spine.  Whether  it  has  any  connection  with  the  excretory  canal 
or  not  could  not  be  ascertained.  This  s|M;cies  was  found  in  the  livers 
of  Limnnn  luumiintta  collected  from  puddles  on  the  ejist  of  Mahini 
Railway  .Station  in  the  suburbs  r)f  Bombay,  in  the  michlle  of  January, 
1917.  It  was  alsfi.  but  verv  rarelv,  found  in  PUimtrbis  cxnsliis  collected 
from  Bandra  (Bombay).  Except  for  the  absence  of  a  well  developed 
ventral  sucker,  this  H|)ecieN  being  a  pigmented  aphuryngeal  furcoccrcous 
cercaria,  might  be  classed  with  the  'Bilharziella'  group  of  schistosomes. 
On  account  of  the  j»artially  develoiHMl  ventral  sucker  however,  its 
Z'Milogical  |K>sition  would  be  between  a  monostonie  and  a  dist<inie. 
The  ru<limentnry  sucker  imlicates  the  probable  line  of  evolution  of 
th«*e  fonns. 

It  is  wortli  mentioning  that  atlenipls  were  made  in  the  •..••jiiiiniig  i>> 
raise  adult  iwrasitett  in  the  bodies  (»f  guinea-pigs  ami  monkey.»  from  the.ne 
cercaritc,  but  as  was  to  be  expected  without  aucccss.     On  '<\\>-  m  .aj.ion 
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the  liver  of  a  guinea-pig  which  was  previously  exposed  to  infection  with 
this  cercaria  was  found  to  contain  spindle-shaped  eggs  resembling  those 
of  Sell,  spindalis.  Repetition  of  the  experiment  however  gave  uniformly 
negative  results  ;  and  it  was  evident  that  in  addition  to  the  present 
species,  the  guinea-pig  must  unconsciously  have  been  exposed  to  infection 
with  the  cercaria  of  Sch.  spindalis  also,  which  was  probably  present  in 
the  mollusc  as  a  mixed  infection  and  which  had  been  overlooked. 


Cercaria  homhayensis  No.  9. 
(Plate  IV,  Figs.  1,  2,  3,  and  4.) 
This  cercaria  is  much  larger  than  the  preceding  one.  It  develops 
in  long  cylindrical  sporocysts  provided  with  club-shaped  motile  ends 
which  enable  them  to  sway  from  side  to  side.  No  rediae  have  been 
noticed  in  this  species.  The  infected  liver  has  an  orange  brown  colour. 
The  cercaria  was  found  in  Planorbis  exustus  collected  from  a  tank  in 
Andheri  near  Bombay,  in  January,  1917.  It  has  never  been  found  in  any 
other  mollusc.  There  appears  to  be  a  seasonal  variation  in  the  number 
of  snails  found  infected  with  this  cercaria.  Usually  the  mollusc  contains 
only  one  type  of  cercaria  but  occasionally  this  species  has  been  found 
to  be  associated  with  a  xiphidio  cercaria  as  a  mixed  infection,  and  on 
one  occasion,  as  has  been  noted  elsewhere(^),  the  mollusc  was  found 
to  harbour  three  different  types  of  cercarise — -(1)  cercaria  of  Sch. 
spindalis,  (2)  a  xiphidio  cercaria,  (3)  the  present  species.  The  larva 
has  great  powers  of  extension  and  contraction. 

The  measurements  of  specimens  killed  by  heat  are  as  follows  : — 
Body  —  225  fi  long  by  52  //.  broad. 

Tail  trunk  —  325  /*    ,,       „    38  /<.  thick. 
Furcal  rami—  300  m     „ 

A  prominent  feature  of  this  cercaria  is  the  long  sword-like  furcal 
rami  which  are  always  held  at  right  angles  to  the  stem  of  the  tail.  The 
integument  is  covered  with  sharp  spines  which  are  thickly  set  over  the 
anterior  end.  The  body  is  provided  with  both  an  oral  and  a  ventral 
sucker.  The  latter  is  situated  at  the  junction  of  the  middle  with  the 
posterior  third  of  the  body.  It  is  circular  in  outline  and  has  a  diameter 
of  20  iJ..  Around  the  ventral  sucker  is  a  group  of  three  pairs  of  mucin 
glands,  one  in  front  and  two  behind  it.  All  the  glands  possess  fine 
granular  protoplasm  and  rounded  nuclei.     There  is  no  difierentiation 
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between  coarsoly  granular  and  finely  granular  cells  in  this  as  in  1  ho  cotcarin 
of  .S«-A.  spindali*.  The  granules  are  neutrophile  in  their  staining  reaction. 
The  glands  are  brought  out  prominently  by  the  methmi  of  intravitani 
staining.  Ducts  from  these  glands  [wss  forwards  and  enter  the  oral 
sucker  and  eventually  o|K>n  e.xtemally  at  the  anterior  end  ;  their  tips 
being  cap|>e<l  with  hollow  spines.  There  are  only  three  |)airs  of  ducts 
and  three  jwirs  of  spines  capping  them.  Just  in  front  of  the  anterior 
pair  of  mucin  glands,  is  seen  a  |wir  of  cells  having  a  pale  yellowish  colour. 
The.se  cells  probably  represent  the  vestigial  eye-spots  similar  to  those 
descril>ed  by  Fau.st(*)  for  Cercaria  (jraiiUima.  No  lens  could  be  detected 
nor  could  any  granules  be  seen  in  it.  The  oral  sucker  is  a  strong  muscular 
organ  measuring  45  /t  by  30  n.  Its  general  features  are  similar  to  those 
present  in  the  schistosome  cercariw.  It  is  provided  with  a  protrusible 
snout  which  when  pushed  out  is  seen  to  be  covered  with  numerous  large 
sharp  spines. 

The  mouth  is  located  a  little  behind  the  anterior  end  and  the 
oesophagus  passes  through  the  oral  sucker  and  opens  in  a  bulbous 
(.-srum  .situated  a  little  in  frr)nt  of  the  yellowi.sh  eye-spots.  Just  below 
the  posterior  margin  of  the  oral  sucker,  the  oesophagus  is  surrounded 
by  a  muscular  pharynx,  and  beyond  this  point,  it,  as  well  as  the 
cacum,  are  linwl  by  a  row  of  rounded  gland-like  structures.  (Plate  IV, 
Fig.  2  run.) 

The  arrangement  of  the  excretory  system  resembles  that  of  the 
flrhistoMimid  larvse  in  many  respects.  The  mu.scular  bladder  at  the 
posterior  end  of  the  btnly  gives  rise  to  two  largo  tnmks  anteriorly,  each 
with  two  fusiform  dilatations  containing  ciliated  areas.  It  is  continued 
posteriorly  into  the  tail  as  a  single  trunk  which  bifurcates  to  enter  the 
fiircal  rami  and  opens  in  the  middle  of  the  furci  and  not  at  the  tip  as  in 
the  8ch.  spuidalis  larva.  {.See  Plate  IV,  Fig.  1.)  This  sort  of  an 
arrangement  resembles  that  seen  in  Cercaria  enwrginitlu  and  C 
doiigloust.  [Sec  Cort  (5).]  The  characteristic  islet  anastomosis  is  also 
present. 

There  are  two  pairs  of  flame  cells  in  the  tail,    which  are  situated 
nbr.ut  its  middle,  and  the  bofly  contains  ten  pairs  of   flame  cells  ;  the 
largest  number  yet  observed  in  a  furcocercous  cercaria. 
These  are  located  as  below  : 
Beginning  from  the  most  anterior, 

Ist,  at  the  posterior  margin  of  the  oral  sucker. 

'2nd,  on  each  side  of  the  pharynx, 
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3rd,  on  cacli  .side  of  llu;  cajcum. 

4th,  at  tlic  posterior  margin  of  the  eye-spots. 

'Ah.  at  the  posterior  margin  of  the  anterior  pair  of  mucin  glands. 

Gth.  at  tlie  anterior  margin  of  the  middle  pair  of  mucin  glands. 

7th,  at  the  posterior  margin  of  the  middle  pair  of  mucin  glands. 

8th,  at  the  posterior  margin  of  the  posterior  pair  of   mucin  glands. 

!)th,  at  the  level  of  the  middle  of  the  main  excretory  trunk. 

10th.  on  either  side  of  the  excretory  bladdeix 

The  whole  arrangement  of  the  excretory  sy.stcui  is  shown  in 
Plate  IV,  Figs.  1  and  3. 

The  genital  .system  is  represented  by  a  mass  of  germ  cells  behind  the 
acetabulum. 

The  movement  of  this  cercaria  differs  from  that  of  the  cercaria  of 
Sshistosomum  spindalis.  When  resting  in  water  it  is  seen  -with  its  body 
doubled  up  and  the  prongs  wide  apart.  It  swims  with  great  rapidity 
in  all  directions  in  a  winding  sort  of  a  manner — thus  differing  from  the 
cercaria  of  Sch.  spindtilis  which  usually  swims  in  a  perpendicularly 
upward  direction.  The  motion  again  is  not  continuous,  but  intermittent, 
and  both  the  .start  and  the  stop  are  quite  sudden,  and  it  is  often  jjossible 
even  with  the  aid  of  a  hand  lens  alone  to  tell  one  species  from  the  other 
by  its  characteristic  movement.  On  a  substratum,  it  merely  extends  and 
retracts  its  bod}-,  but  is  unable  to  crawl,  and  there  is  no  looping  movement 
characteristic  of  the  schistosome  cercaria.  Both  the  body  and  the  tail 
are  capable  of  rapid  vibration  and  the  furci  are  moved  by  a  strong  layer 
of  muscle  fibres  situated  in  the  notch  of  the  bifurcation. 

This  larva  does  not  encyst. 

This  species  has  some  resemblance  to  Cercaria  yladii  found  by 
Cawston  and  described  by  FaustC^).  The  main  points  of  resemblance 
are  the  long  sword-like  furcal  rami,  the  three  pairs  of  mucin  glands,  and 
sporocyst  with  a  muscular  anterior  end.  Measurements  are  also 
.somewhat  similar.  No  description  of  the  excretory  system  wliich  forms 
an  important  feature  of  this  cercaria  has,  however,  been  given  of  Cercaria 
gladii. 

The  molluscan  host  of  Cercnrin  gladii  is  again  different  being 
found  in  Isidora  schakoi  in  Transvaal,  while  the  present  species 
is  found  in  Planorhis  exustus.  The  presence  of  a  muscular  pharynx 
in  the  present  species  at  once  puts  it  out  of  the  group  of  .schistosomid 
larvae.  Bahr  and  Fairley(')  have  also  described  a  somewhat  similar 
cercaria  from  Bullinus  dybuwski,  but  its  measurements  are  much  smaller. 
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DEScBimoN  OF  Plate  V 


l''ig.   1.     Cercaria  bombo'jrusis  No.  13  ventral  view. 
„     2.  „  „  showing    details     of    the    itructure    of    the 

body. 
,      3.  „  „  showing   details   of   the    excretory     system 

(eemi-diagrammatic). 
I  „  „  as  seen  while  swimming  in  water. 
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Ccrctiria  bomUiift-iigis  .Yo.    \'.\. 
(Plate  V.  Fijts.   1,  _',  3.  an.l  4.) 

This  is  a  pignienttii  tyix*  of  fuiTiK-ercous  cfrcuria.  (Icvi'li)|)iiij; 
in  small  cvliiulrical  s|)on)cyst.s  not  proviiled  with  any  luuscular 
club-sha|)e4i  enil.  and  devoid  of  movement.  The  infette<l  liver  has  a  light 
yellowish-brown  colour.  This  sjiecies  was  found  in  Plunorbis  ixiislun 
in  a  tank  near  .\ndheri.  near  Bombay,  in  .\npust.   1917. 

This  cercaria  when  swimming  in  water  in  a  test  tutic  a|(|i»'ars  verv 
similar  to  the  preoe^ling  one  (C.  (umiboi/eiisis  .Yo.  *t).  the  Ixnly  being 
donbli><l  ii|Min  it.self  (See  Plate  Y.  Fig.  I)  :  but  in  this  species  the  tail 
also  reinain.s  l)ent.  In  water  it  gnulnally  sinks  bv  its  own  wi-igiit.  wlirn 
jiuddenly  it  starts  off  swimming  in  all  directions. 

It.H  l>odv  nteasure.s— :V")(i  ft  long  bv   liS5  fi  broa<l. 

The  tail    trunk    is— a")(l  /i     .,       ,.      MO  ,i  thick. 

The  furci  measure — 35('  ft.  long.  • 

The  whole  larva  niea.sures  more  than  1")  m.m.  in  length.  Both  the 
body  and  the  tail  are  covered  with  spine.s  and  the  furcal  rami  have  a 
thin  membmne  attached  to  them.  The  ventral  sucker  is  a  very  |>roininent 
stnicture  and  is  situate*!  just  behind  the  middle  of  the  body,  and  forms  a 
marketl  projection  when  the  cercaria  lies  as  it  often  does,  (jn  its  side,  the 
prt»je«-tion  often  reaching  :$.j/i  beyond  the  gei.eral  surface.  Surrounding 
the  ventral  sucker  are  several  mucin  glands  with  finely  granular 
pnit(>pla.smic  contents.  It  is  rather  difficult  to  determine  their  exact 
number  ;  but  as  far  a.s  one  could  make  out  there  appeared  to  be  five 
|>airs  of  glands.  Ducts  from  these  enter  the  oral  pouch  and  o|hm) 
oxtemally,  their  ti|>s  being  capped  by  hollow  piercing  spines  as  in  the 
cercaria  of  Srh,  spiiuhiUs.  Mehinil  the  ventral  sucker  is  a  cluster  of 
cells  -the  rudimentary  genital  .system,  and  behind  (his  is  a  large 
irregular  cell  with  coarse  granules  which  takes  a  deep  stain  when 
coh)ure<l  by  the  intrantam  method.  It  is  ditficult  t<»  .say  what 
function  this  large  gland-like  structure  performs.  No  duct  aiising 
from  it  could  l)e  made  out.     (.S>«  Plate  Y,  Fig.   1.  vc.) 

The  oral  sucker  measures  100 /i  in  length  by  .Vl/iat  its  broadest  |mrt 
•n<l  is  divide<i  as  in  schistosome  cercaria-  into  an  anterior  and  a  |Histerior 
|)ortion.  In  the  centre  of  it  is  containe<l  the  head  gland  and  on  either 
side  of  it  run  the  ducts  of  the  mucin  glands.     Ontsiile  the  oml  sinker 


*TIica«  meuuremenU  were  takrn  from  living  niiecimrni.     A»  killiiiK  by  hrut  led 
to  oooaKleTsbU  wrinkling,  utiaUctory  mekturemttita  could  not  Vx-  taLrn  l.v  iliia  inrtlnid. 
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between  it  and  the  body  wall  on  either  side  are  situated  a  couple  of  large 
refractile  cells.  The  significance  of  these  is  not  known.  The  mouth  is 
situated  a  little  behind  the  anterior  end,  and  the  narrow  oesophagus  passing 
through  the  posterior  portion  of  the  oral  sucker  is  continued  backwards 
up  to  the  anterior  margin  of  the  ventral  sucker  where  it  opens  into  a 
slightly  dilated  bifurcated  caecum,  the  limbs  of  which  curve  round  the 
sides  of  the  ventral  sucker.  The  oesophagus  is  not  provided  with  any 
muscular  pharynx.  Between  the  ventral  sucker  and  the  jiosterior 
margin  of  the  oral  sucker  are  situated  two  large  pigmented  eye-spots. 
The  pigment  is  in  the  form  of  dark  granules  and  in  the  centre  of  this 
mass  is  located  a  refractile  lens. 

The  general  arrangement  of  the  excretory  system  resembles  that 
of  the  schistosome  cercarise.  The  two  branches  of  the  excretory  trunk  in 
the  tail  open  at  the  tip  of  the  furcal  rami.  There  are  five  pairs  of  flame 
cells  in  the  body  and  one  in  the  tail,  the  latter  is  situated  further  towards 
the  distal  end  than  is  the  case  in  the  cercaria  of  [Sch.  spindalis.  The 
flame  cells  in  this  species  are  also  proportionately  larger. 

Cercaria  bombayensis  No.  19. 

(Plate  VI,  Figs.  1,  2,  and  3.) 

This  cercaria  was  found  on  a  single  occasion  on  12th  April,  1920,  in  a 
tank  at  Andheri  in  the  suburbs  of  Bombay,  in  the  liver  of  Limna 
acuminata.  It  is  a  furcocercaria  with  pigmented  eye-spots  and  belongs 
probably  to  the  '  Bilharziella  '  group  of  cercarise. 

The  measurements  of  specimens  killed  by  heat  are  as  follows  : — 
Body— 380  /x  long  by  80  ix  broad. 
Tail  trunk— 435  ^  long  by  58  u  thick. 
Furci — 290  /n  long  by  28  /n  broad  at  the  root. 

In  living  specimens  the  body  when  fully  extended  measured  450  it- 
in  length  v/hile  it  could  contract  down  to  only  250  /u,  The  tail  and  the 
furci  also  showed  variation  but  not  to  the  extent  shown  by  the  body  ; 
the  length  of  the  tail  varied  between  350  and  450  f,  while  that  of  the  furci 
between  220  and  300  ,,. 

The  body  and  the  tail  are  covered  witii  spines.  The  ventral 
sucker  is  situated  about  the  posterior  third  of  the  body.  It  is  a  strong 
muscular  structure  and  forms  a  marked  projection  when  the  animal 
is  lying  on  its  side.  It  is  about  20  /x  in  diameter  and  25  /x  in  depth. 
It  is  surrounded  by  a  group  of  four  pairs  of  mucin  glands  from  which  ducts 
arise  to  pass  forwards  and  enter  the  oral  sucker,  and  ultimately  open 


Description  or  Plate  VI. 

Fig.   1.     Cf'carui  botnlMiifftinf  .V».   la.    the  whole  animal,   ventral   view. 
'-'  thowing  details  of  the  structure  of  the  body, 

showing   details    of    the    e.xcretory    .-sysle'n 
(seini-dia^rsniiiiutii ) 
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e.xtt>n»ally  at  tlw  autorior  oiul  on  each  side  of  tht»  niidiiU*  liiu-,  tlu-ir 
««x|i«ndeil  eiuls  Iwinj;  cajiixnl  as  in  tho  corcaria  i>(  Sch.  spnidalm.  liv  hollow 
pifn'ing  spines.  The  oral  sucker  is  larjie  measuring;  lOf)  fi  Uv  i>0  p  and 
is  di\-ided  into  an  anterior  and  a  jwsterior  |>ortion,  the  latter  being 
stron^jly  muscular.  Thi.s  species  also  is  pn)vide<l  with  a  protriisible 
snout.  The  centre  of  the  oral  sucker  is  occupied  bv  the  head  ^land 
and  on  each  side  of  it  run  the  mucin  duct.s.  Between  the  oral  and  the 
ventral  suckers  ar*  situated  two  pigmented  eye-sjKjts,  each  comjKKsed 
of  a  cell  containing  a  central  lens  surrounilwl  by  numerous  small 
brownish-black  granules. 

Movement  of  the  cercaria  is  characteristic  of  the  furccK-ercariie 
It  hangs  in  water  with  the  head  end  downwards  and  swims  i)ackwanU, 
but  when  it  crawls  on  a  substratum,  the  movement  is  forwartls.  Often 
during  slow  movement  a  constriction  is  produced  about  the  middle  of 
the  body  and  the  movement  of  the  part  in  front  gives  an  impre.ssion 
a«  if  the  animal  were  trying  to  escape  from  a  narrow  mouthed 
pouch. 

The  alimentary  system  is  similar  to  that  of  the  preceding  species  C. 
bombayensis  So.  13.  The  mouth  is  situated  a  little  behind  the  anterior 
end.  The  long  irsophagus  without  any  mustular  pliaryn.x,  and  the 
bifurcated  ca>cum  reaching  on  each  side  of  the  ventral  sucker  can  be 
clearly  made  out.  Behind  the  ventral  sucker  and  between  the  mucin 
glands  on  either  side,  is  a  cluster  of  cells  the  rudimentary  genital 
system. 

The  nervous  system  is  represented  by  two  large  lobes  just  in  front 
of  the  pigmented  eye-spots.  The  general  arrangement  of  the  excretory 
system  is  typical  of  the  schisto.some  group  of  cercaria-,  and  need  not  be 
described  in  detail  ;  a  few  main  characters  may  alone  be  notetl.  The 
body  poHsesses  six  |>airs  of  flame  cells  in  addition  to  one  in  the  tail.  The 
excretory  pores  open  at  the  tip  of  the  furcul  rami,  the  o|>enings  JM-ing 
dilated  into  i>eculiar  bulbous  exiNinsions  proje<ting  beyond  tJie  tijw. 
The  islet  anastomosis  in  the  bladder  and  the  two  ciliateil  areas  in  the 
main  excretory  trunks  are  a\>»>  present.  The  whole  arrangement  is 
shown  in  Plate  VI,  Figs.  1  and  3. 

The  infecterl  liver  has  a  «lark  brownish-yellow  colour.  These  cercaria? 
develop  in  elongate  sporocysts  having  no  club-sha|H><l  motile  end.t 
There  is  no  stage  of  redia  fonnation,  each  s|)orocyst  containing  about  ti  ti 
cercaria  in  various  .ttages  of  development.  TIicm-  sjxjriK'ysts  are 
not  fimdy  attached  to  the  organ  in  which  they  develop  so  that  individual 
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sporocysts  could  easily  be  teased  out  lor  cxaiiiination.  Tliey  measure 
about  To  m.m.  long  by  '15  in. in.  in  I  liickness  and  their  dark  appearance 
is  often  due  to  numerous  dark  graniUes  embodied  in  the  walls.  The 
cercaria  does  not  undergo  eucystnient. 
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EXPLA.VATION  op  PLATE3.  V^f). 

AbBRKVIATIONS    I'SEll 


ACT.  ^   anUirior  rollectim;  tiiWiile 

Br.  -    birth   p<ir<>. 

<\  =  ciwiim. 

CA.  =  riliatwl  an  as. 

CM.  =   i-uticnlar  meinliriiim 

D«.  1=  iliict   opines. 

KXB.  -   t'x<T«>t«>rv  hl««l<i<'r 

KXP.  =  f.xrrBtorv  |)ore. 

KXT.  =  excretory  tubule  in   the   tail. 

Ft-.  —  tiaine  rell. 

PR.  =   fiircjil  rami. 

o<'.  ^   ■;*'t'"  t^olL''- 

HO.  ~  heati  gland. 

I.  —   islet  anastomosis. 

I.VT.  =   intestine. 

M.  —   mouth. 

vu.  =   mucin  tlucto. 

MO.  —    murin  glands. 

MKXT.  -=  main  e.xcretory  tiibuli- 

MP.  =   mu-scle  fibres. 

N.  =  nervous  system. 

oE.  =  cBsophajjtis. 

08.  S3   riral   surlcer. 

PCT.  =   (Hwterior  collecting  tiihiile. 

PR.  =  pigmented  eye-s[)ots. 

MPH.  ^   muscular  |ihary>ix 

PHO.  3   phaPi'geiil  glands 

pn  a   protrusible  snout 

RC.  =   rnfractile  cell. 

RVS  =   ruilimentary  ventral  sucker. 

<fX  ■=■  stem  of  tail 

TO  =   '  testicular  eland. 

»E.  =  ventigial  eye-spot 

vs.  =   ventral  sucker 
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X.     HETAXAPimiOl.. 

Hl.STORY. 

A.— Thk  troatment  of  hookworm  infcrtion  with  bptannjilithol  wnH 
introcluctxl  some  twenty  years  ago,  and  wn.s  first  mloptoil  in  .Vn-mm 
Efftate*.  where  it  seems  to  have,  in  a  very  nhort  timo.  siiimtx-*!***!  all  ilu- 
other  treatments  then  in  vogue. 

Early  in  IflOJ.  Bontley'  piiblishr*!  tli.-  r.-siilts  of  his  invp.Mtigation 
into  the  (-oni|>arutive  vaiuen  of  Hcvfnil  anth<'liiiinti(H  uie*!  in  the 
treatment  of  ankylo.Mtoniia.Hi.H.  The  four  <lnig''  which  a|ii)carc«i  to 
him  mo*t  UHeftil  were,  in  the  orrler  given,  hct4Uiii|ththol.  thymol, 
pnlvin  arei-ip,  ami   exfracttim  filiris.     Of  thf-  two  (.h»n'ils  hi-<  preference 
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went  ((>  bi'tauaplitliol  as  being  pleasauter  to  take,  usetl  in  smaller 
doses,  equally  or  more  efficient,  useful  in  pernicious  anemia,  not  so 
irritating  to  the  alimentary  canal,  and  not  followed  by  unpleasant 
giddiness. 

Castellvi  (1908)*  successfully  treated  his  cases  from  the  lead  and 
silver  mines  of  Linares,  in  Spain,  with  betanaphthol,  and  regretted  that 
the  superior  efficiency  and  harmlessness  of  that  drug  had  not  yet  been 
properly  recognised.  With  all  deference  to  Castellvi  it  must,  however, 
be  admitted  that  betanaphthol  had,  by  this  time,  become  for  many  the 
only  drug  worth  consideration  in  the  treatment  of  ankylostomiasis.  Its 
use  was  favoured  by  Colbert'^  in  New  Mexico,  Burton  Nicol^  in  Natal, 
Burk-itt^  in  India,  and  Drummond''  in  Ceylon.  It  is  moreover  evident 
from  the  report  and  proceedings  of  a  Committee"  appointed  in  Ceylon 
to  consider  and  advise  as  to  what  measures  should  be  taken  to  prevent 
the  spread  of  hookworm  infection,  that  most  of  the  medical  officers  in 
the  island  had  adopted  methods  of  treatment  with  betanaphthol 
which  were  but  modifications  of  the  method  followed  in  Assam.  By 
the  end  of  that  same  year  1908,  the  Indian  Immigration  Board  of 
Natal  had  decided  in  favour  of  the  drug  and  were  to  remain  faithful  to 
its  use  in  spite  of  adverse  criticism  from  the  Commission  in  Porto  Rico.- 
Yet  the  indictment  was  of  an  alarming  nature  : — betanaphthol  was  .said 
to  be  a  powerful  kidney  irritant,  to  keep  very  badly,  to  be  variable  in 
quality,  to  be  unsuitable  in  large  doses  for  out-of-door  or  dispensary 
practices. '- 

From  that  time  onwards,  the  efficacy  of  the  ilrug  was  repeatedlj' 
asserted,  Thomas  '*  being  the  oidy  one  to  have  complained  of  its  not 
having  acted  well  in  his  hands.  In  1911,  betanaphthol  had  become,  so 
to  speak,  a  household  remedy  for  hookworms  in  the  Federated  Malay 
States.2«  In  1912,  Cockin'"  pointed  to  the  undoubted  superiority 
of  betanaphthol,  not  only  on  account  of  its  rapid  and  complete  e.xpulsion 
of  the  parasites,  but  also  because  of  its  cheapness  and  the  freedom  from 
danger  in  its  administration,  liryson  (1913)'*  gave  preference  to  the 
d  ug  as  lieing  most  satisfactory  for  routine  purposes. 

With  the  advent  of  oil  of  chenopodium,  literature  became  practically 
silent  about  betanaphthol  and  its  field  history.  All  we  can  sav  is  that 
the  drug  has  not  been  altogether  drscardod  and  that  it  is  still  being  used 
in  some  of  the  infected  areas. 

B.— The  smallest  dosage  recorded  is  that  adopted  by  D 'Almeida 
(1913)^'    who    gave   .33   centigrammes  of   betanaphthol  combined  in  a 
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tabliKil  wiili  7  ci'iitigruiniiiOM  of    plu>iiol|>hthaUMii  as  a   |iiir^ali\i-  ;    the 
prvliiiiiiiarv  |>iir>{0  Inniig  oinittiHl. 

I'erry  (l'Jir>).-'  rci-oiiiiiuMul.s  ln'tjiiuiphthol  as  a  suhstitulf  for 
thyutol  Hiul,  following  Ferguson's  iiiuth<Mi  of  adininisteriiig  tliviiiol  in 
British  Ituiana,  advises  a  daily  laiiiot  of  It)  gniins  of  the  tiriig  every 
evening,  except  on  Saturdays,  the  i-oolit;  doing  his  work  as  usual.  In 
the  b<<lief  that  the  ingestion  of  alcohol  after  the  treatment  might  lead  to 
poinuning  of  a  serious  character.  Saturday  was  dwlare<l  difn  non,  as  no 
amount  of  argumentation  could  keep  the  avenige  coolie  a wav  from  the 
to<ldy  shop  on  that  |)articular  night. 

Perry  had  pri'viously  (191(1)"  advised  l>etana|ihtliol  in  :j(t  gniins 
dosage.  r<Mtlies  were  separateil  into  two  groups  :  (n)  the  new  arrivals  ; 
(6)  the  residents  of  longer  standing.  The  new  arrivals  received  I'j  gniins 
(three  tabloids)  at  0  .\.M.  on  an  empty  stomach,  and  a  seconil  do.se  of 
15  grains  the  same  day  one  hour  before  the  evening  mejil.  Half  ounce  of 
E{Kiom  salts  <lis.solved  in  a  little  wafer  was  given  on  the  following  morning. 
Residents  of  longer  standing  were  trcat(><l  with  a  do.se  of  .'JO  gniins  (si.\ 
tabloids)  at  l>  .\.M.  on  an  empty  stomach  and  half  ounce  of  Kp.s<iiii  .salts 
the  following  moniing  ;  a  second  dose  of  :W  gniins  at  (J  A..M.  on  (he  seventh 
day  after  the  first  do.se,  followed  by  half  ounce  of  Epsom  .salts  on  the 
ne.xi  inoming.  In  carrying  out  this  treatment  arrack  and  oil  were  to  be 
entirely  pn>hibite<l. 

C'aatellvi  (19(>8)*  gave  two  grammes  divided  in  two  doses  with  an 
hour's  inter\'al  between  them — eight  hours  after  a  saline  purge,  followed 
two  hours  later  by  rhubarb  and  senna.  The  treatment  was  given  every 
four  or  five  days. 

.\shfonl  (1913)''  treated  thirty  hospital  cu.ses  with  two  gnimmes 
of  betanaphthul.  In  the  evening  a  dose  of  either  magnesium  or  sodium 
Kulphate  was  prescribed,  care  being  taken  not  t«t  give  an  e.xhaustive  purge. 
The  ne.xt  day  the  patient  was  kept  in  bed  without  Ukh\  till  1  i'..M., 
I  gramme  betanaphtho!,  in  cap.sule,  was  taken  at  8  and  10  .\..m.,  and  at 
12  noun  another  purge  of  salts.  In  the  afternoon  a  light  diet  of  milk  was 
iwrmitted. 

f  "Uyton  Lane,**  in  his  Darjeeling  ('ampaign  (19l<>).  used  ."tO  grains 
betanaphthul  given  in  three  |MirtH  at  hourly  intervals,  pieciMlinl  \sith  a 
d(Mw>  of  sulphate  of  magnesia,  if  |MiH.sili|e.  and  invariably  followe<l  by  a 
doM  of  this   salt. 

Darling,  Bart>er  and  Hacker  **  report  having  treate<l  ten  cases  with 
ttetanaphthol.  2(i  grains,  in  capsule».  two  dones  with  two  hours'  inter%'al. 
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Schuffner  and  N'eivooit  (1913),-"'  Day  uud  Ferguson  (191iP 
administered  3  grammes  in  three  hourly  1  gramme  doses.  And  Greisert 
(1913)20  summarising  the  reports  of  surgeons  in  East  Africa,  who  had 
each  treated  some  hundreds  of  cases  with  four  different  drugs-betanaph- 
thol  thvm<.l  eucalyptus,  and  male  fern^^concludes  that  l.etanaphthol 
is  best  in  15  grains  doses  given  every  day  for  three  days  :  no  supervision 
of  the  patient  is  necessary. 

The  Assam  Method.a  ,vhich  seems  to  have  been  adopted  later  in 
the  Federated  Malay  States,  required  the  use  of  a  60  grains  dosage 
divided  in  three  doses  of  20  grains  :— 

First  day  - .       4  P.M.,  a  feed  of  rice. 

8  P.M.,  one  ounce  castor  oil. 
Sfcond  day  ..       <i  .\.M.,  20  grains  betanaphthol. 

,S  A.M.,  sago  and  salt. 
10  .\:m.,  20  grains  betanaphthol. 
12  Noon,  sago  and  salt. 
2  P.M.,  20  grains  betanaphthol. 
0  P.M.,  a  feed  of  rice. 
10  P.M.,  castor  oil. 
The  same  programme  of  treatment  was  also  followed  in  Ceylon,  but  the 
dosage  was  enhanced  to  90  grains  on  the   Sheen  and  South  Pundaluoya 
Estates  and  reached  120  grain.s  at  Dunsinaue." 

Burton  Nicops  used  either  60  or  90  grains  dosages.  It  is  this 
latter  dosage,  administered  in  30  grains  doses  every  two  hours  for  si.K 
hours,  which  came  to  be  known  as  the  Natal  Method. 

Whyte  (1910)30  g^ye  two  doses  of  40  grains  each  \\-ith  pre- and 
after-purge. 

Burkitt  (1909)'  kept  the  patient's  bowels  open  by  pie-purges  and 
used  90  grains  betanaphthol  in  three  30  grains  doses  every  two  hours,  and 
castor  oil  two  hours  after  the  last  dose.  The  patient  was  starved  from 
the  previous  evening  to  3  p.m.  on  the  next  day. 

Bavma  and  Alves  (1918)"  administer  a  preliminary  saline  purge 
and,  on  the  next  day,  6  grammes  of  betanaphthol  in  divided  doses  : 
1  aramme  every  fifteen  minutes  until  6  grammes  are  taken.  A  final 
saline  purge  is  given  two  hours  after  the  last  capsule  of  betanaphthol. 
The  patients  are  treated  in  a  hospital  under  careful  supervision. 

Gonzaga  and  Lima  (1918)53  omit  the  preliminary  purge  and  6 
fframmes  of  betanaphthol  are  given,  all  at  one  time,  early  in  the  morning, 
and    the   dose    is   repeated    for    three    successive    days.     Throughout 
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treatUKMit  the  patient  receives  only  u  light  diet.  Two  hours  after  the 
Uut  dose  of  betauapbthol  a  saline  purge  is  administered. 

C. — The  Porto  Rico  Anscmia  Commission  -  were  the  first  to  iM»iiif 
to  the  toxic  action  of  betanaphtiiol  on  the  kidneys,  and  they  fDund 
that  ^i'.\  |H>rcent  of  their  cases  had  albuminuria.'-  Lindeman  (liitO),* 
Schultx  (IIUI).'*  Ashford  (l'Jl;i),"  Clayton  Lim-  (lltl.-j),-'*  also 
called  attention  to  the  |H>i.sonous  effect  of  the  (Iru*,'  upon  the  kidiiev. 
Cockin  (iyi2)'«  and  Howard  (IDIS)"*  have  reonled  cases  of 
hirmoglobinuria. 

Friedenwald  and  Leitz  (11)11)"  found  that  in  dysj^eptics  and  in 
hyj>erchlorhydric  cases  bctauaphthol  slightly  interferes  both  with  the 
motor  and  secretory  fuuction.s  of  the  stountch.  Acconling  to  Van  der 
Iloeve  (lOI.'J),**  the  tlrug.  when  used  in  large  quuiitilicn,  may  cause 
hyperemia  and  even  degenerative  changes  in  the  retina.  Smillie  (I'JJO)* 
notes  that  large  do.ses.  18  (jrammcs.  may  ]ir(Mluce  verv  severe  to.\ir 
nvmptoins  as.s<K-iattHl  with  a  destruction  of  red  blood  cells. 

Corteling  {lltK))"  cites  the  case  of  a  Javanese  male,  jiisl  recovered 
from  pneumonia,  who  was  treated  with  JK)  grains  of  betanaphtiiol 
in  three  :J0  grains  dose-s.  Three  ilays  after  the  treatment  vomiting. 
headache,  jaundice,  awl  dark  red  urine  with  albumin  ;  temperature 
101-8:  no  malaria.  The  |)atient  was  treated  as  for  lilackwater 
fever  with  Sternberg's  Mi.xture,  ami  all  symptoms  ticared.  A 
tteroiid  and  a  thinl  treatment  with  betanaphtiiol  caused  no  poisoning 
symptoms. 

A  fatal  j>oisoning  cast:  due  l<i  ix'taiiaphtiiol  i.s  reionii''!  Ii\-  Ormc 
(1915).*  .\  Chinaman  was  given  .")  grains  of  calomej  one  evcniiig,  and 
half  ounce  of  Epstjui  sahs  two  days  after.  The  ne.\t  day,  on  August  2'.*th, 
three  3U  groins  doses  of  betanaphtiiol  were  taken  and  were  followed  by 
E{j«oni  salts.  This  treatment  was  rejjeated  on  August  3()th.  On 
August  31.st,  the  patient  started  vomiting  .soon  after  the  admiiiistrotion 
of  the  first  dose.  There  was  temperature  ;  vomiting  i-ontimii'd  next 
dav  ;  "lark  urine,  and  slight  jaundice.  September  1st,  tin-  |mtient 
was  much  ««>llapsedand  on  Jndhediid.  Hefore  treatment  iho  urine 
was  ai-id,  had  s|H'iilic  gnivity  lOld,  and  containetl  a  small  amount  ol 
albumin. 

COMIMJSITIOX    AXU    I'KorEKTIKS. 

betanaphthol,  melting  at  111'  and  boiling  at  280',  crystallises  \h 
colourle-i  or  pale  buff  coloured  shining  lamellw',  and  has  a  pungent  tasMi 
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\\h\i  a  faint  ])liciinl-like  odour.  It  is  sparingly  soluble  in  cold  water — lOOd 
parts — ,  fairly  soluble  in  boiling  water — 75  parts — ,  soluble  in  IK)  j)er  cent 
alcohol — 2  parts — ,  very  soluble  in  ether,  chloroform,  glycerin,  oils  and 
fats,  soaps  and  alkaline  solutions.  It  is  a  drug  of  uuifonii  quality  and 
one  that  keeps  well  almost  indefinitely. 


OH 


CH, 


OH 


Co  H-: 


BENZENE 


THYMOL 


NAPHTHALENE 


BETANAPHTHOL 


Betana])hthol,  or  betanionohydn.xy -naphthalene,  bears  to 
naphthalene  the  same  relation  that  ],heiiol  does  to  benzene,  and 
thymol  to  paracymene. 
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ik'taiiaplithul  i.s  not  directly  t>\idi.>i(>il  to  iia|)litli*K|\iiiii)iic  ;  liut  it 
joves  with  ferric  chloride  a  greciiish-whito  <liiia|)hth(>l.  wliicii  may  ul»i> 
be  obtained   by  reiluctiuii  uf  iiaphtlioqiiinoiii-. 


OH       HO 


BCtanaphthoquinonc 


OINAPHTHOL 


Mono-  and  ili-sulphonic  .  ac-itis  roMilt  fruin  tiic  icactinn  of 
betaiuiphthol  with  sul|)huric  acid.  Tiio  latter  comliinr  icinlily  with 
diaxocoin|>ounds  forniin<!  red  colouring  siihstancos. 

Betanaphthol  and  •jlvcuronic  acid  condense  with  iliiiiination  of 
water. 


V-^x/ 


O-CO-CHOH-CHOH-CHOH-CHOH-CHO 


BfANAPHTMOLGLVCUWONATE 

Betaniphthol  i.s  a  powerful  antiseptic  an<l  germicide.  .Much  Icwt 
toxic  than  phen<>l  and  crcHol  it  niiy  be  taken  internally  in  fairly  lar^c 
d<>-«ei  without  any  toxic  nianifestatioiLs.  When  taken  in  t<io  larjic 
qiiantitiM  it  acts  as  a  caustic  irritant  of  the  mucous  mendjrane  and  may 
o*uae  gastric  disturbance. 

.Absorption"  a.vo  EtJMiNATioM. 

Prfi;on*    ntnj<litfiilionii.  -Ashford    and     Iganniflez    {]'M>C,)-    noted 

that  the  diazn-reaclion  was  invarialilv  |K»sitive   after  the  admini-ilration 

fi(  Jjetanaphthol  in  I  or  I  erammes  dose.      Its  presence  was  demonstrable 

three  to  four  hours  after  the  do.se,  an«l  it«  effect  lasted  five  or  six  hourx. 
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The  next  day  it  was  always  absent.  Apparently  betanaplitliol  did  not 
affect  the  colour  of  the  urine.  The  reaction  was  practically  always  acid, 
rarely  alkaline  or  neutral  as  Calmette  found  in  his  cases. 

Schiiltz  (1911)'*  states  that  betanaphthol  is  absorbed  partially  in 
thu  intestine  anrl  is  expelled  as  betanaphtholglycuronic  acid  and 
bctaiiaplithoquinoue.  and  possibly  in  other  slightly  modified  forms. 

Procedure  adopted..— Re&hhy  male  convicts  from  the  Trichinopoly 
Central  Jail  were  selected  for  the  purpose  of  our  investigation.  They 
were  given  a  light  diet  at  5  p.m.  followed  by  a  magnesium  sulphate  purge 
at  8  p.Ji.  The  next  morning  they  were  asked  to  pass  urine  and  were 
then  treated  with  betanaphthol.  Magnesium  sulphate  was  given  two 
hours  after  the  administration  of  the  last  dose. 

The  urine  discharged  after  the  treatment  was  collected  and  clini- 
cally e.xamiued  for  albumin.  Note  was  also  taken  of  the  colour,  volume, 
density  :ind  acidity. 

The  species,  number,  and  the  condition  of  the  hookworms  expelled 
after  the  betanaphthol  test-treatment  were  recorded,  and  the  patient's 
total  hookworm  content  was  determined  Ijy  repeating  the  thymol  standard 
treatment  until  cure  followed. 

Variations  in  the  dosage  of  the  anthelmintic  and  in  the  mode  of 
treatment  were  tiied. 

Experiments. — 1.  Tlie  different  samples  of  betanaphthol  we  have 
been  using  were  all  found  to  be  chemically  2)ure.  One  of  the  samples 
had  been  bought  3()  years  ago  and  stored  ever  since  in  the  laboratory 
where  the  temperature  varies  from  26°  to  36%'. 

2.  Urines  i)assed  after  treatment  with  betanaphthol  did  not  give 
the  standard  reactions  characteristic  of  that  substance. 

3.  All  attempts  at  separating  betanaphthol  in  the  free  state 
failed. 

4.  The  following  colour-reaction,  which  never  obtained  with  normal 
urines  -50  cases  exaniinetl— ,  was  invariably  positive  after  treatment 
with  betanaphthol— 81  cases  :— To  2  c.c.  of  urine  add  an  equal  volume 
of  basic  lead  acetate,  and  filter.  To  1  c.c.  of  the  filtrate  add  ten 
drops  concentrated  sulpluiric  acid,  and  heat  to  boiling.  Allow  the 
lead  sulphate  precipilati?  to  settle  down,  and  treat  with  one  drop 
Jlillon's  Reagent.  Willi  naphtholated  urines  a  pink  colouration  is 
produced. 

So  far  we  have  entirely  depended  on  this  n  action  for  the  studr 
of  the  absorption  fnd  elimination  of  betanaphthol. 


J.  F.  Caiun  (iiid  K.  S.  Mhas^ar. 


41 


KksOLTS  : — Time  taken  for  comftlelc  eliiiiiiialion  of  betaiuiphthol : — 
."iO  grains  botauupthol  were  administered  in  two  j)orti(»n>  to  &1 
cases. 

(<i)  In  08  cases  the  urine  was  collected  for  every  i>eri<Ml  of  J I  Imnrs 
in>n»  the  time  of  theudniinistnition  of  the  (ir.->t  dose.  The  colour-reaction 
we  have  tlescribetl  was  invariably  positive. 

(t)  In  It;  cases  the  second  day  urine  from  11  to  IS  hours  after  the 
administration  of  the  first  dose  was  examined  for  betanaphtliol  aiiil 
the  colour-reaction  was  invariably  negative. 

(c)  In  16  other  cases  the  urine  was  collected  on  the  lirst  ilav  at 
regular  intervals  of  four  hours,  for  a  period  of  twelve  hours.  The  nifjiil 
urine  formed  a  se|Mrate  fourth  lot.  It  was  thus  found  that  betana|)lithol 
Is  eliminuteil  during  the  twelve  hours  which  follow  the  treat iiient. 
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As  .seen  from  tlic  table  : — 

(j)  Betanaphtliol  i«  alworlicd  in  tin-  system  and  eliminated  l>y  tiie 
kidneys. 

(ii)  Absorption  is  relatively  slow. 

{Hi)  Elimination  is  rapid,  very  rarely  exteuds  beyond  the  twelve 
hours,  and  never  beyond  the  twenty-four  hours  which  follow  the 
treatment. 

These  results  eontirm  the  findings  of  Ashford  and  Igaravidez  based 
on  the  diazo-reaction. 

2.  The  obsoiplion  oj  heianuphthol  and  its  toxicili/.  — In  the  course 
(«[  our  investigation  betanaphthol  has  proved  throughout  a  very  safe 
dru".  Very  few  to.xic  symptoms  were  noted  and  they  were  of  a  mild 
nature. 

^^.  Ndjththohled  urine.-- As  a  rule  both  volume  and  density  were 
normal,  and  the  reaction  acid.  The  presence  of  glycuroiiic  derivatives 
did  not  prevent  decomposition.  The  odour  was  in  no  way  characteristic. 
The  colour  varied  from  pale  straw  yellow  to  light  brown  in  the  24  hours 
collection,  but  in  the  smaller  lots  collected  every  four  hours  during  the 
twelve  hours  wliich  followed  the  administration  of  the  first  portion  of 
the  drug,  the  second  and  third  samples  were  invariably  dark  brown  or 
mahogany  red,  in  striking  contrast  with  the  usually  colourless  firs 
sample  and  the  yellow  urine  of  the  night.  The  colour  was  due  to 
bctanajjhthoquinone. 

Indican  was  generally  absent.  340  cases  were  carefully  examined 
for  albumin  and  no  albuminuria  was  found  to  have  occurred. 


The  r.\tiuxale  ok  Betanaphthol  treatment  with  reference  to  its 
constitution,  absorption,  and  elimination. 

The  ))oints  of  similarity  between  l)etanaphthol  ami  thymol  are  very 
striking :  ' 

(a)  both  are  monohydroxy  derivatives  of  hydrocarbons,  thehj^droxy 
radical  being  attached  to  a  nuclear  carbon  atom  ;  and  the  nucleus  being 
in  i)()lli  cases  a  tiue  benzenoid  structure; 

{b)  they  are  both  eliminated  through  the  kidneys  in  conjugation 
with    glycurouic    acid  ;    but     while    thymol  condenses     without     the 
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i>li  mi  nation  of  wntor.  i-oiidonsittion  in  tlif  case  of  l)<-taiui|>litliol  tako.s 
\tUce  with  eliniinMtion  of  water  ; 

(r)  tho  rlinnnation  i.s  rapid  with  the  twoiiriigs  ami  .slii;litl\  mori'  mi 
with    betanaphthol. 

There  is  no  apparent  reason  why  the  siniihirity  slionld  nut  pxitiid 
also  to  the  physiological  pro|K'rties,  toxicity  to  tlu"  worms  as  well  us  to 
the  hivst.  and,  hut  for  small  variations,  the  rationale  of  the  treatmi-nl 
ought  to  be  the  same  for  the  two  drugs. 

ThK  R.\T|0.NALE0K  BeTAX.VPHTHOL  TKEAIMKNT  WITH  REKEIIENCE  TO  THE 

REMOVAL  OF  HOOKWORMS  AND  lllE  I'EKCKN'TAliE  OK 

CURES   OBTAINED. 

1.  The  doitige.  -In  this  part  ot  our  inviwtijjation  our  first  conrern 
was  to  asc-ertain,  as  definitely  as  |)OHsiijle,  the  nin.xitnuiii  vermi'-idal  dose 
of  betanaphthol  to  be  administeretl  in  ca.nes  of  hookworm  infection  anions 
adult  mak'!«.  The  e.\j>eriments  were  accortlinfjly  carried  out  on  fifteen 
batches  of  adult  and  apparently  healthy  male  prisoners,  who  were  treated 
with  dillerent  dosages  of  10,  20,  30,  10,  45,  50  and  60  grains  of 
l>etanaphthol.  Seven  groups  were  given  the  dose  in  three  |)ortions,  three 
groujw  received  it  in  two  portions,  and  lis-e  groujjs  in  one  single  portion. 
The  drug  was  adniinistere<J  as  a  |K>wtler.  without  sugar,  and  was  followed 
bv  a  mouthful  of  water.  E|wom  salts  were  given  as  a  purge  <m  the  evening 
lK>fore  treatment,  and  again  two  hours  after  the  administration  of  the 
last  portion  of   betanaphthol. 

In  all  subsequent  treatments  IK)  grains  thymol  were  used  a.s  standard 
treatment  to  a.scertain  the  total  number  of  worms  in  each  ca.se. 

A  10  grains  dosage  was  tixe<l  upon  as  the  starting  submaximal  dose 
with  the  view  to  follow  the  possible  toxic  symptoms  in  the  host,  and  the 
hookworm   removal    with   subsequent    increasing  flosai;es. 

The  stfM)ls  |iassed  after  treatment  were  collet  le<l,  wa.shed  an'l 
examincti  for  five  days  after  the  treatment,  and  the  total  hmjkworm 
content  van  determined  in  the  usual  routine  wav. 
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Table  II. 
Xiiitihcr  iij  hoolcw  inns  retiiovcd  hij  one  '  test  treatment  '  nj  betdnfijihiliol.  in  three    portions  (with 

fire-  and   ajler-imrye). 
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Snnibcr  of  huokwonns  removed  bij  one    '  Icsi  Irefilment  '  oj  beldnajjhfhol,    in    one    portion    (with 

lire-  (uul  iij/cr-itaryi'). 


Test  treatment 

Hookworms    uemovkd. 

I'BKCK.NTAOi:    OF    JIUOK- 
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The  results  as  figured  in  Tables  II,  III  and  IV  show  that  :- 

('()  Whether  the  drug  be  administered  in  one,  two  or  three  portions, 
its  anthelmintic  effect  increases  steadily  with  the  dosage. 

{h)  For  the  same  dosage  up  to  40  grains,  the  anthelmintic  action  is 
more  marked  in  the  case  of  the  one-portion  treatment  than  in  the  case 
of  the  two  or  three  portions  treatment. 

Beyond  40  grains  there  is  no  marked  advantage  in  giving  the  drug 
in  one  massive  dose.     (Table  V.) 
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(c)  60  grains  of  betanaphtliol  in  two  portions  may  be  considered  as 
the  maximal  dosage  in  case  of  hookworm  infection  among  adult  males, 
whether  the  infection  be  <\w  to  Aiil-iihsloimun  (luodenale  or  Necator 
americanus. 

(d)  Anlcijloslomuin  is  more  betana])lithol-resistant  than  Aecalor. 

2.  Betoiiap/ilJiol  as  a  r^er»«CTf/e.— Betanaphthol  acts  as  a  powerfnl 
toxic  vermicide  for  hookworms.  The  worms  e.\])elled  are  rnrely  found 
alive.  The  dead  worms  are  mostly  contorted,  hut  not  so  much  out  of 
shape  as  is  the  case  with  thymoj. 

Nematodes  also  jneld  to  betanaphthol  in  j)roj)ortion  to  the  strength 
of  the  dose,  the  Ascarts  being  less  resistant  than  Trichiuris.  Thus  20  per 
cent  A.icaris  were  removed  by  30  grains,  10  per  cent  by  40  grains.  44  per 
cent  1)V  no  grains,  and  02  per  cent  by  00  grains  doses,  the  infected 
cases  for  each  group  being  ').  10,  10  nnd  20,  res])ectively.  One  Trichiuris 
was  removed  from  a  ca.se  treated  with  ^O  grains,  and  one  from  another 
case  treated  with  fiO  grains,  altlioui>h  the  infection  was  present  in  13 
and  21  cases,  respectively. 

3.  Purfjiuf/  (IS  an  aid  to  hetnHapluhol  tmilmetil.  — 

[i)  All  tlie  18()  cases  mentioned  below  were  given  40  grains  of 
betanaphtliol  in  one  dose.  Tliis  do.sage  we  knew  to  be  perfectly  safe. 
Moreover  as  it  was  somewhat  below  the  optimum  dosage,  it  would  lend 
itself  to  the  study  of  [)Ossil)le  Vii nations  due  to  the  purgative. 


J.  F.  Cains  and  K.  S.  Mliaslnr. 
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TjO  Anthelminties  and  their  Therapeutic  Values. 

(a)  In  :V1  cases  the  flriig  was  preceded  and  followed  by  a  purge. 
All  cases  had  from  two  to  six  semi-fluid  motions  on  the  first  day,  but  three 
of  them  (9  per  cent)  passed  no  worms. 

{b)  0:5  cases  received  no  pre-purge  :  they  all  had  from  two  to  five 
.'iemi-fluid  moticms  on  the  first  day.  Witli  the  exception  of  seven  of  them 
{]'^  per  cent),  all  passed  worms. 

(r)  50  cases  received  no  after-jiiirge.  Of  these  40  had  from  one  to 
tliree  semi-fluid  motions  on  the  first  day  and  fourteen  (28  per  cent)  did 
nut  pass  worms. 

((/)  i)\  cases  were  treated  without  ])urge  either  before  or  after 
I  reatment.  and  were  given  food  three  hour.<  after  the  administration 
of  the  drug.  All,  except  three,  had  from  one  to  three  motions,  semi- 
solid or  semi-fluid.  No  toxic  .symptoms  immediate  or  remote  due  either 
to  the  drug  or  to  the  absorption  of  decomposed  worms  were  noticed. 

(e)  Whatever  the  mode  of  treatment,  ascarids  were  often  passed  on 
the   first    day   of   treatment. 

(/)  .Another  series  of  44  cases  were  treated  with  60  grains  in  two  doses. 
Tlie  results  recorded  in  Table  VI  (e),  (j),  show  that  the  omission  of  the 
pre-purge  is  not  attended  by  any  great  fall  in  the  efficiency  of  the  drug. 

4.  BeliuKijththol  as  a  poison  to  the  host.  — 

All  the  do.sages  we  have  tried,  not  excluding  the  highest  of  50  grains 
in  <me  dose  or  (>()  grains  in  two  doses,  are  safe.  No  toxic  symptoms  were 
developed  ;  giddiness  was  rarely  noticed,  whilst  retching  and  vomiting 
never    occurred. 

5.  Effu-ii'iwy   oj  belli iiaphthol  trealinent.  - 

Tables  II,  III  and  IV,  column  7,  record  the  percentages  of  cures 
obtained  with  one  test  treatment.  Notwithstanding  the  limitations  of 
this  method  of  estimating  anthelmintic  efficiency,  we  must  admit  that 
the  percentages  of  cures  increa.se  with  the  dosage  and  with  the  mode  of 
administration  ;  and  that  betana])hthoI  displays  marked  uniformity  in 
its  action. 

t).     Discussion    oj  resuUs.  — ■ 

(0  Betanaphthol  was  administered  as  a  powder  without  sugar. 

The  drug  is  usually  obtained  as  a  crystalline  powder  with  no  tendency 
to  lumping.  It  need  not  therefore  be  powdered  anew  at  the  time  of 
adimnistration  :  nor  is  mixing  with  sugar  necessary  to  ensure  a  particulate 
condition. 

(/(■)  There  is  a  gradual  improvement  in   efficiencv  with  increase  of 


Tliis  had  already  been  noted  by  Nicops  in  1912,  who  experimented 
with  25,  30,  60  and  90  grains  of  betanaphthol  administered  in  two 
or  three  portions  (Table  VII). 
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4.o„..»s. 

.iooas... 

1  , 

Ni.. 

Se. 

Ag.-. 

Health. 

Infet^tion. 

Species 
formula. 

Method  of 
(liftguosinf- 
hookworui  ova 

portion. 

Three 
rortion.s. 

i:;;l„ 

Three 
portions. 

One 

Three 
portions. 

One 
portion. 

Two 
portions. 

45-0 

Three 
portions. 

Three 
portions. 

portion. 

Tito 
portions. 

Three 
I>ortionN. 

42-S 

Two 
portions. 

Three 
portions. 

One 
portion. 

Ke  Marks. 

Kl^lrcil,      A.      C. 
(:..ii»t!n  Knd  l.in.n 

(1:118)" 

Uavrna  null  Alv,'.. 
(I91»l" 

Cuius  aiLlMhaskar 
(InlS — 1320)  ., 

Ditto 

Tamil 
InJiciiw. 

Do. 

M«lp« 
Do. 

A  il  u  1  t  s. 
20— .iO  yfBTB 

D. 

Health}- 
prisoners. 

Do. 

Heavily 
inlecteil. 

OS  hook, 
woniis  |.e 

Do. 

94  Neeator  to 
n     Aukylo.- 

fU)ie    method  : 
e.'iamioed      12 
or   more   days 
after  treatment 

DO. 

00 

13-0 

1 1-.-. 

2.-e0 

.-,s.o 

14-3 

37-4 

. 

no-r. 

.'.-■8 

73-0 

C  No     pre-purge  ;      btrtanapbthol 
1        given  «  grammes  in  one  dose. 

;l 

m\  case« 

\        for  three  successive  mornings  : 
\,       after-purge  on  third  moroing. 

/  fjame  as  above,   hot    pre-pnrge 
1        given,  and  betansphthol  given 
\        ■□  one   gramme   doses     every 
1        15  minutes-  Total  beUnaphthol 

4 

22  eases. 

24  eases. 

2.1   eases. 

20  cases. 

32  esses. 

20  eases. 

2«  cases. 

21  cases. 

30  eases. 

04  case  . 

Betanaphthol  Xo.  II— :i6  years  old. 

tiiease-. 

.30  (a) 
Table  VU. 


P 

Trent ige 

5/  hooku-o 

ms  renwved  after  0 

e  Ifealment  with  v^irijuig  dosages  of  betaitnphtkol 

differently  udmniistered. 

Authm. 

.oana„s. 

a   OKAHS. 

.10  OBil.vs. 

lion.dNs. 

■'"'  "'"'"■ 

Xo- 

Nationality 

Sex. 

Age. 

Health. 

Inleclion. 

Species 
formula. 

Method  ol  diag. 
nosing  hook. 

infection. 

portion. 

Tliree 
portions. 

One 
portion. 

Three 
portions. 

Three 
{lortiuns. 

„S„. 

Two 
portions. 

Three 

pSn. 

Two 
portions. 

Three 
portions. 

Three 
portions. 

portion. 

Two 
portions. 

Three 

Two 
portions. 

Three 

three 
portiuns. 

REHsBKa. 

' 

A^hford  aD(i  King 
|190r,)  = 

Castellvi.    -J-     C. 
(1808)' 

Burton          Xico! 
(1912)" 

Ditto 

Schuflnor  »nil  Vct- 
voort(l'.'n)".. 

Datlini:.      ll«rlicr 
and         Ha.ker 
(11118)" 

rains    »n.l    Ml.n.- 
liar(!!llH — IH2it) 

Ditto 

Indians 
Uo. 

Cliinra.-, 
Malaypsf 

Ta  ni  1 1 
Indian. 

Do. 

.Mali-. 
Fcnialpw 

Mai™ 
Do. 
Do. 

Adtillx 
Do. 

Adnlt« 

Adults  20- 
80  years 
of  age. 

Dii 

HoHpital 
Coolies 

Prisoner., 

He&ltby 
priaoners. 

Do. 

I.OUOhook 
per  case. 

20   hook. 
Uo. 

.-.8   honk. 
]ier  ease. 

1)0. 
Do. 

88  Necator 
to  12  Ankyloa 
toma 

f)4    Necator  to 
H  Ankyloetoma 

Do. 

Microscopic  exa- 
mination       of 
stools  seven  days 
after  treatment. 

Howard's  cen. 
trifnge    method 

Do. 

examined  12  or 

more  days  after 

treatment. 

D.I. 

72.2 

4,1.2 

71-2 

72.3 

70.5 

91.7 

20.7 

73.7 

68.(1 
188  cases. 

92.3 

973 

!I3.« 

97.1 

860 
ItTcTs^ 

98.9 

97.6 
40  canes. 

„  i 

30  casn,. 
83.0 

■■' 

- 

42  eases. 
770 

190  cases. 

' 

l>7  cases. 

10  eases. 
S8.K 

22  cases. 

23  oises. 

32  cases. 

27  oases. 

32  cases. 
90.8 
46  cases. 

20  esses. 

m  cases. 

21  eases. 

311  cases. 

04  CMCS. 

Petanaplittol  No.  71—36  years 
old. 
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(ill")  Up  to  40  );rains.  for  tho  same  dosape,  the  one  dose  treiitiiioiU 
is  more  efficient  than  the  two  or  three  doses  treatnient. 

If  the  hiMikwonn  removal  is  to  be  a  guide,  tlie  one  dose  treatnient 
has  little  advantaf^e  over  the  two  or  three  doses  treatment  when  the 
dojiage  is  increaseil  Keyoud  10  grains.  The  worm  removal  in  these  rase.s 
is  so  near  100  |ier  cent  that  sniall  fluctuations  are  of  no  aicoimt. 
However,  the  jK-rcentape  of  cures  shows  that  better  res\ilts  follow  from 
the  administration  of  the  drug  in  one  or  two  portions. 

(♦!•)  50  grains  may  be  taken  as  the  optimum  dosjige,  wlieijier  it  is 
administere<l  in  one  or  two  or  three  portions. 

Xicol  reconls  a  hookworm  removal  of  97"r)2  per  cent  for  ii  !•()  ^jrains 
dosage.  Our  results  with  a  50  grains  dosage  are  i*7'l.  !t:V(i,  and  07li 
per  cent. 

(r)  VMiatever  the  nio<le  of  administration.  ./.  ihnxleiiiili-iA  more 
>>etanaphthol-re.sistant  than  .Y.  mnericnntts. 

(ri")  Betanaphthol  is  a  powerful  anthelmintic. 

It  has  l>een  unanimously  admitted  that  it  is  a  ]iotent  poi.son  to 
tiftokwonus. 

It  is  an  equally  |M)werful  ascaricide.  We  have  alrea<lv  pointe<l  to  an 
Asetiri*  removal  of  Jo.  !0.  \\  and  t>2  per  cent  with  do.sjigcs  of  .HO.  10,  .50 
and  60  grains  res|)ectively.  SchiifTner  and  Wrvoort"'  record  an 
Aifaru  removal  of  71  \wr  cent  with  a  dosage  of  (10  grains.  Thus,  as 
i*  the  case  with  h<M»kworms.  the  |)ercentage  of  Ascorix  removed  is 
proportional  to  the  amount  of  betanaphthol  ingested.  This  Aurarin 
removal  is  greater  than  that  obtaineil  with  either  tliymol  or  cheno|K>dium 
oil. 

(ri'i)  Betaiuiphthol  has  a  vermifugal  action. 

The  nundK>r  and  nature  of  the  nifitions  obtaiiiocl  in  the  ab.sence  of  a 
purgative  show  that  the  drug  it.self  is  able  to  stimulate  the  intestine  and 
promote  evacuation,     one  of  its  physiological  properties. 

l)rumnion<l  (HMO)"  noted  that  some  coolies  ran  to  <liarrho-a  after 
Iwing  treated  throe  or  four  times;  and  .Ma.sefield  (]!t|0)"  f(»und  that 
lOgraiiut  re|)eati>f|  cverv  dav  for  ten  days  caused  diiirrhd-a  in  some  cases  : 
none   were  sick. 

The  pre-purge  <loe«  not  appreciablv  increa.se  tin-  clliciency  of  the 
treatment,  and  mav  be  suppresscl  altogether  from  the  routine  treafrnenl, 
as  iii  also  the  case  with  both  tlivmol  and  cheno|KMiiiim  oil. 

The  vermifugal  action  recorded  here  raises  doubts  as  to  the  necessity 
of  the  af»«r-purge.     Not  only  did  the  suppression  of  the  after-purge  cauac 
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no  toxic  symptoms,  but  the  patients,  feeling  all  the  better  for  the 
absence  of  the  weakening  effect  of  the  purge,  readily  went  on  with 
their  usual  work. 

Only  6  per  cent  of  the  no  purge  cases  had  no  motion  on  the  day  of 
treatment  :  the  rest  had  from  one  to  three  motions.  Even  in  the  absence 
of  the  after-])urge  the  dead  hookworms  are  mostly  evacuated  on  the 
first  day  of  treatment.     (Table  IX.) 

T.4BLE  IX. 
Percentage  oj    hoohoorms  removed  on   each   dai/  nj  test    treatment   with 
betanaphthol ~iO  grains    in  one  portion. 


Number 

1st  day 

2nd  day 

3rd  day 

4th  da\ 

Total 

Experi- 

of 

of 

of    ' 

of 

hook- 

inent 
number. 

Test  trefttment. 

of  eases 
treated. 

treat- 

treat- 

treat- 

treat- 

worms 

ment. 

ment  1 

ment. 

ment. 

removed. 

u. 

With   a    previous    and 
after-purge. 

32 

rNiimber    of    hook- 
•j      worms 

782 

lO.-i 

3 

890 

(^Percentage  to  total 

87-S 

11-S 

0-3 

— 

j  Number    of    honk- 

S31 

01 

7 

1 

930 

6. 

With  no  previous  purge 

53 

l      worms 

1  Percentage  to  total 

SO- 4 

9-7 

07 

O-I 

1  Number    of    hook- 

r.43 

20.") 

0 

7 

8(51 

c. 

With  no  after-purge 

.■>(! 

}      worms 

1  Percentage  to  total 

74-7 

23-8 

0-7 

0-8 

I  Number    of    hook- 

110 

42 

0 

0 

152 

d. 

With  no  purge 

.51 

worms 

Percentage  to  total 

71-9 

28-1 

— 

— 

{viii)  Betanaphthol  is  a  safe  drug. 

The  cases  of  haemoglobinuria  and  all  the  fatal  cases  recorded  in  the 
literature  followed  upon  either  the  administration  of  a  dose  higher  than 
60  grains  or  more  frequently  upon  continual  administration  of  the  drug 
for  several  days  in  succe.ssion  i*,  26^  29^  34^  •^e 

In  our  cases,  no  albuminuria,  hasmoglobinuria  or  jaundice  was  noted  ; 
nor  did  the  elimination  of  the  after-purge  cau.se  toxaemia. 

(«x)  Betanaphthol  does   not  deteriorate  on  ageing. 

.According  to  Nicd,  betanaphthol  is  very  variable  in  quality,  keeps 
badly,  and  should  be  used  in  a  fresh    condition. 

We  have  used  during  these  three  years,  samples  obtained  from  differ- 
ent sources  and  have  found  them  chemically  pure  and  equally  effective- 
A  sample  stored  for  the  past  36  years  in  our  laboratory  at  Trichinopoly, 
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wm»  foiinil  just  as  chi'inicully  pure,  as  |)utent,  uiul  quite  an  siifo  us  any  of 
the  new  lot.     (Table  IV,  expi>ritiieut  6.) 

Conclusions. 

(1)  Betanaplithol  is  a  solid  drug  of  constant  clieniiral  coniposition, 
not  iletorioratiuj;  with  ago,  and  easily  obtained  in  the  pure  state.  Its 
dosage  is  thus  easy  and  certain. 

(2)  Bftanaphthol  is  a  |M»\\erfu!  verni'cido  acting  both  on 
ankylostometi  ami  necators.  Up  to  a  dosjige  of  10  grains,  the  advantage 
lies  with  a  single  portion  treatment  ;  beyond  4U  grains,  with  50 and  60 
grains  dosages,  the  drug  nwy  indifferently  be  given  in  one,  two  or  three 
portioiLs. 

(3)  In  sufficiently  large  doses  betanaphtli"!  is  an  effective 
ascaricide. 

(■1)  Up  to  60  grains  dosage  betanaphthol  is  a  very  sjife  ilrug. 
(5)  Betanaphthol  has  marked  vermifugal  properties  and  no  after- 
purge  is  required  in  the  treatment. 


Treatment  witli  betanaj)hthol  may  tlien  be  reduced  to  the  simple 
ingestion  of  the  drug  in  proper  clo.sage. 

The  conclusions  arrived  at  for  thymol  hold  good  for  betanaphthol  ; 
and  what  we  have  said  of  the  thymol*  treatment  applies  equally  well 
to  the  betanaphthol  treatment.  We  should  however  state  here  that, 
dose  lor  dose,  betanaphthol  is  safer  and  more  efficient  than  thymol. 
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Various  authors  have  described  methods  of  preparing  special  culture 
media  for  B.  influenzso  which  are  intended  to  give  an  enhanced  growth  of 
the  organism  (Le\inthal,  Matthews,  Listen  and  Soparkar),  or  to  inhibit 
certain  other  associated  organisms  (Avery).  No  one,  however,  seems 
to  have  published  any  method  for  the  production  of  influenza  vaccine 
in  which  quantitative  results  are  given,  although  such  vaccine  has  been 
largely   used  during  the  recent  epidemic. 

Influenza  vaccine  is  usually  prepared  on  solid  media  in  test  tubes, 
flasks  or  bottles.  This  technique,  if  the  vaccine  is  to  be  manufactured 
on  a  large  scale,  necessitates  a  vast  amount  of  labour  in  the  washing  and 
sterilizing  of  glassware,  the  preparation  of  the  agar,  the  sowing  (for 
very  generous  amounts  of  seed  are  required),  and  the  subsequent  washing 
of?  of  the  growth  ;  furthermore  the  large  number  of  units  employed  (test 
tubes,  flasks  or  bottles)  leads  to  a  multiplication  of  the  necessary  controls 
for  purity  and  sterility  of  the  vaccine. 

One  way  of  avoiding  this  labour  would  be  to  grow  the  organism  in 
broth,  using  large  units,  say  2  litre  flasks.  An  objection  to  this  procedure, 
however,  is  that  the  finished  vaccine  will  contam  protein  material  derived 
from  the  broth  in  addition  to  bacterial  protein.  In  the  case  of  organisms 
which  settle  rapidly  when  grown  in  broth,  this  objection  need  not  be 
considered  as  the  supernatant  broth  can  be  removed  and  the  sedimented 
organisms  subsequently  suspended  in  saline  and  used  as  antigen  for 
(     fjG     ) 
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Vaccine  or  otiicr  purposes.  Such  a  niethod  woulil  be  economica!,  and, 
providetl  that  tlie  antigenic  properties  of  the  vaccine  are  not  adversely 
affectetl,  might  well  be  preferred  to  other  methods  where  vaccine  is  to 
be  manufactured  on  a  large  scale. 

In  a  study  of  the  biological  characters  of  a  large  number  of  strains 
of  B.  iuduenzae  collected  during  the  recent  epidemic,  it  was  found  :— 

(1)  That  the  great  majority  of  the  strains  were  capable  of  fermenting 
glucose  to  a  slight  degree,  increasing  the  acidity  of  a  glucose  blood  broth 
from  PH  l-i  to  PH  6  to  01. 

(2)  That  in  this  medium  the  organisms  tended  to  sediment  rapidly 
lea%nng  behind  an  almost  clear  supernatant  fluid. 

(3)  That  vigorous  growth  depended  largely  on  the  reaction  of  the 
medium  employed.  The  optimum  reaction  was  PH  72  to  74,  while 
reactions  more  acid  thin  PH  6'6  or  more  alkaline  than  PH  8  resulted  in 
no  growth. 

(4)  That  when  pigeon  blood  was  used  to  enrich  the  culture  media 
the  growth  was  more  vigorous  than  when  human,  rabbit,  sh'jep,  goat 
or  horse  blood  was  used. 

(5)  That  blood  heated  at  68^0  for  half  an  hour  wab  a  better  enriching 
fluid  than  unheated  blood. 

Advantage  has  bjcn  taken  of  these  facts  in  tlevising  the  method  of 
growing  B.  influenzae  described  below,  and  if,  as  seems  probable,  acid 
production  beyond  a  certain  hydrogen  ion  concentration  leads  to  the 
sedimentation  of  organisms  growing  in  a  fluid  culture  medium,  this 
method  might  be  applicable  to  the  production  of  vaccines  other  than 
that  of  B.  influenzae. 

METHOD. 

I.    Culture  .MErji.\. 
(A)  Preparation  of  Douglas  Broth. 

(1)  1  lb.  mutton  in  1  litre  of  tap  water.* 

(2)  Add  2  grams  of  dry  .sodium  carbonate  per  litre  to  make  faintly 

alkaline  to   litmus   paper, 
(.i)  Add  90  c.c.  trypsin  per  litre.f 

•  If  the  meat  e.Mract  jh  nut  to  be  made  into  Ijnitli  on  the  same  day  it  i8 
sterilized  at  130''C  for  I  hour  and  kept  until  tlie  following  day. 

t  Trypsin  : — 1  part  shcepB  or  goat's  pancreas,  1  part  rectilied  spirits,  3  parts 
distilled  water  prepared  according  to  the  method  of  Cole  and  Onslow— /,n«ce<. 
Vol.  II,  1910,  p.  10. 
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(\)  Incubate  at  37°C  for  4  hours.  "   ' 

(5)  Filter  through   muslin. 

(G)  Add  O'.*)  c.c.  glacial  acetic  acid  per  litre. 

(7)  Bring  up  to  110°C  in  autoclave  to  coagulate  albumens.  ■ 

(8)  Filter  through  cotton  wool  between  two   layers  of  muslin. 

(9)  Add  2'5  grams  NaCl  and  0'125  grams  C'aClg  per  litre.* 

(10)  -Aleiisure  the  total  amount  of  broth  for  the  day's  brew. 

(11)  Adjust  the  hydrogen  ion  concentration  to  PH  7'4.'t" 

(12)  Autoclave  at  1 15°C  for  1  hour. 

(13)  Filter  through  muslin  and  cotton  wool. 
(11)  Add  1  egg  per  litre  and  mix  well. 


.COTTON    WOOL    PLUG. 

.PROTECTING   FUNNEL. 

^     /jC FUNNEL  WITH    FILTER    PAPER. 

^^^  -      ._  AIR    VENT. 

.-RUBBER    STOPPER. 


(15)  Autoclave  at  130T  fur  I  hour  to  clear. 

(16)  Filter  through  filter  paper. 


per   lit  re — 


♦  The  C'aCla  is   added    in    the  form  of   a   watery   soliUiou 10 

ill  order  to  save  time,  as  it  dissolves  rather  slowh'. 

t  The  hydrogen  ion  eoueentration  is  adjusted  by  the  Use  of  standard  tubes 
prepared  and  tested  by  the  Medical  Kcseareh  Council,  and  obtained  from  Messrs. 
Baird  and  Tatloek.  PH7-2  to  7J  i^s  the  optimum  hydrogen  ion  concentration  for 
the  growth  of  1?.  inlluenz;e. 

After  the  linal  sterilizaliuii  and  addition  of  eitrated  blood  the  hydrogen  ion 
concentration  of  the  broth,  ready  for  use,  will  be  between  I'll  7-2  to  li. 
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(17)  Fill  into  '2  litre  Hasks,  800  c.c.  in  each  flask  * 

(18)  Fit  the  flasks  with  rubber  stoppei's.  filter  paper  and  funnels, 

as  shown  in  the  diagram,  in  order  to  facilitate  the  sub- 
sequent addition  of  blood  in  an  aseptic  manner. 

(19)  Final  sterilization  in  autoclave  at    \2(fV  for   1    hour  with 

rubbe'-  stoppers,  funnels,  etc..    in   si/ii.'\ 

(H)  Collect  inn  nix!  mhlition  „J  ht„<,il. 

(1)  Withdiaw  aseptically  5  c.c.  of  blood   from  a  pij^eons  heart 

into  a  syringe  containing  a  few  c.c.  of  1  per  cent   .sodium 
citrate  in  normal  salt  solution. J 

(2)  Add  the  blood  to  a  100  c.c.  flask  containing  5  grams  of  gluco.se 

dissolvecVin  50  c.c.  of  a  1  })er  cent  sodium  citrate  solution 

prenously  sterilized.     Jlix  well. 
(."5)  Heat  in  a  water-bath  at  G8°C  for  half  an  hour. 
(i)  Filter  the  contents  of  one  small  flask  directly  into  each  flask 

containing  800  c.c.  -of  .-terile  Douglas   broth. § 
(5)  .\fter  filtration  is  complete,  remove  the  rubber  stoppers  and 

funnels,   immediately   closing  each    flask   with  a   sterile 

cottou-wool  plug. 
The  flasks  are  now  ready  for  sowing.     Incubation  for  21  hours  to 
test  for  sterility  has  been  found  to  be    uunecessarv, 

II.     -Method  of  sowinc!. 

(1)  Grow  the  seed  (B.  influenzae)  on  Douglas  agar  (PH  7-2 — 7-1) 
containing  Oo  per  cent  glucose  and  OTj  per  cent  heatetl 
pigeon  blood,  for  24  hours  at  37°C.|| 

•  800  c.c.  18  U8cU:  (I)  to  facilitate  Hubscquent  calculation  of  the  yield  of 
vaccine  at  800  millions  per  c.c.  :  (2)  so  that  one  flask  of  pigion  blood  may  be  used  for 
each  flask  of  broth.     (Sec  under  "  collection  and  addition  of  blood.") 

t  The  sterilization  at  130°C  {15),  followed  by  the  sterilization  at  the  lower 
temperature    of    I20''C'  (18),    is   necessary  to  ensure  a  perfectly  clear  broth. 

t  By  the  method  dcBcribed  in  the  /«</.  Joiir.  Med.  Krtairch,  Vol.  VII,  Xo.  3, 
p.   .003. 

I  The  liltrate  is  approximately  40  c.c.  and  thus  the  concentration  of  blood  and 
glucose  will  each  be  OJ  per  cent  per  flask. 

ii  The  broth  to  be  used  (or  making  agar  is  adjusted  to  I'M  7-8  to  8  before 
the  addition  of  the  agar.  The  agar  is  ordinary  iintreuled  China-grass,  having 
approximately  a  neutral  reaction  PH  7-0— 7--1.  After  sterilization  and  adding 
blood  the  resulting  agar  will  be  I'H  7-2 — 7 ■4. 
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(■1)  Sow  the  flasks  by  means  of  tlie  platimun  loop.* 
(:5)  Incubate  tlu'  flasks  at  37^  for  21  liours.f 

III.      COLLECTIOX   OK    VACCINE. 

After  21  houi-s  incubation  the  organisms  will  have  settled  to  the 
bottom  and  to  some  extent  along  the  sides  of  the  flasks,  the  supernatant 
broth  being  clear  or  very  slightly  turbid. J 

(1)  Discard  obviously  contaminated  flasks  and  remove  the  sujjer- 

natant  fluid  from  each  of  the  others  by  means  of  a  suction 
pump,  lea\-ing  behind  about  30  or  40  c.c.  of  broth  containing 
the  sedimented  organisms. 

(2)  Test    the    sediment    from  each  flask  for  purity  by  a  smear 

stained  by  Gram's  method,  and  a  sub-culture  on  plain  agar 
incubated  for  24  hours.§ 

(3)  Add  pure  carbolic  acid   to  make  a  concentration  of  approxi- 

mately 0-25   per   cent.|| 

(4)  Next  day  discard  all  flasks  that  show  impurity  either  in  the 

stained  .smear  or  on  the  plain  agar  slope,  and  pool  together 
the  sediments   from  the  remaining   flasks.^ 

(5)  Test  this  pooled  vaccine  for  sterility  on  plain  broth  (ananobic) 

and  on  plain  agar  (ajrobic)  incubated  for  48  hours. 

(6)  Standaidise  by  opacity**  and  then  add  pure  carbolic  acid  to 

make  a  concentration  of  Go  per  cent.|f 

(7)  Store  vaccine  which  has  passed  the  sterility  test  until  needed 

for    bottling. 

(8)  When  ready  for  bottling,  dilute  to  the  required  strength  with 

sterile  normal  salt  solution. 

*  Contrast  this  with  the  large  auiouut  of  seed  required  in  the  "  bottle 
method,'    viz.,  the  entire  growth  of  one  agar  slope  per  bottle. 

t  It  is  important  to  remember  that  temperatures  over  41  "C  will  kill  B 
iuflueuzse. 

X  A  turbid  supernatant  fluid  and  a  change  in  the  colour  of  the  broth  are  signs 
of  contamination. 

§  There  usually  is  a  very  hue  lilmy  growth  of  B.  influenzie  on  the  plain  agar 
due,  no  doubt,  to  a  small  amount  of  blood  broth  brought  over  by  the  platinum  loop. 
If  there  is  any  doubt  regarding  the  origin  of  this  growth  a  smear  should  be  made 
and  stained   by  Gram's  method. 

II  This  is  sutticient  to  sterilize  the  vaccine  :  heat  is  not  required. 

11  The  sediment  consists  entirely  of  bacteria  ;  there  is  no  extraneous  deposit  as 
far  as  one  can  judge  from  stained  specimens. 

**  Brown.  Ind.  Jour.  Med.  Besiiirch,  Vol.  Vll,  Ko.  1,  July,  1919,  p.  238. 

tt  Carbolic  acid  in  concentrations  greater  than  Oo  per  cent  appreciably 
inerease  the  turbidity  of  the  vaccine,  and  so  care  must  be  taken  to  avoid  excess  of 
carbolic  before  the  vaccine  has  been  standardized. 
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(il 


Strain  of 
B.    iiiHiiPiizne. 


Total* 


(•rigiii  >>{  strain. 


Isolated  from  spiittim  of 
iuflupiiza  pntioiit,  April, 
1920 


Isolated  from  s])ut>im  of 
influenza  jiatirnt.  Orto- 
ber.  iniS      .. 


Isolated   from   sputum   of 
influenza  patient.  April, 
■  1920 


Isolated    from    sphenoidal 
sinus        of  influenza 

patient.      post-mortem. 
March,  1919 


No.  of 
flasks  from 

which 

vaccine  was 

obtained. 


VlKLI>    ft     \  Al  1    INK 

AT    800   MILLIONS 

OROANISMS  PEK  I'.C. 


Total  IK 
of  c.c. 


? 

:t.s34 

42 

:t'.Ms:i 

IS 

■»fi..'-,27 

::! 

(is.r)f.4 

IfiS 

1.5K.10S 

AM'rage 

no.  of  c.c. 

per  flask 

t 


•  Figures  taken  from  the  records  of  the  Central  Research  Institute,  Kasauli, 
representing  the  yield  for  the  first  25  working  days  after  this  method  was  adopted 
as  a   routine. 

t  These  flgures  also  represent  the  average  yield  in  millions  of  organisms  per  c.c. 
of  broth. 

t  During  this  period  255  flasks  were  prepared,  and  87  {'-U  per  cent)  were 
rejected  on  account  of  failure  to  pass  the  purity  and  sterility  tests. 
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Talk  showing  the  moiinlUij  among  Vie  jiif/eons  used  to  siipp'.i/  blood  for 
R.  i II ll uenzfp  cullvre  media _f row  (Mnhrr  ]Oth  lo  Dccemhpr  \st.    1920. 


Xiimlicr  of  |)i<:onns  bled  imi' 


Total  number  of  bleedings 


.  .  1 45 
t  wire  . .  85 
three  times  70 
four  times  03 
live  times  5I( 
six  times  48 
seven  times  44 
eight  tinic>  28 
nine  times       4 


Deaths  due 
to  bleeding. 


r>sn 


Mortality  per 
cent . 


2-S 
2-0 

s-:! 
fll 


ninths  due  ti  ciusps  other  tli'iii  hlei'diiig  =  S. 

.Yo'p^'. — -Five   e.e.   of  blood  were  withdrawn  from  each  i)igeon  on  each  occasion.     This 

is  about    the  maximum  amount   which  can  be  rapidly  withdrawn  from 

the    heart,  with    safety,    at  a  single  bleeding.     An  interval  of    fire   or 

six  days  was   allowed    between    successive    bleedings. 

The    Ijleedings    were    performed     for    the    most    part     by    one     laboratory 

attendant  who  had  had  no  previous  experience  in  this  work. 
T,caving    out    the    figures   for    the    ninth    bleeding,  when  only  4  pigeons  were 
used,  it   will  be   seen    tliat     the    mortality    is   very    low,  and  increases 
slightly,  if  at  all,   with   frefinoncy   of   bleeding. 


CoNCLL'SIti.NS. 

(1)  B.  iuriuonzae  vaccine  can  be  niaiiufactiired  on  a  large  scale  by 
growing  the  organism  in  Dougla.s  mutton  ])r()th  (PH  7"2  to  7'4)  containing 
O'T)  per  cent  glucose  and  0-5  per  cent  lieated  pigeon  blood. 

(2)  AVith  the  procedure  described  above  the  final  product  is  a  sus- 
pension of  organisms  in  normal  salt  solution,  practically  free  fiom  foreign 
protein  derived  from  the   broth. 

(3)  The  method  is  economical  in  time  and  labour  and  may  be  expec- 
ted to  give  a  ^neld  of  900  to  1000  millions  of  organisms  per  c.c.  of  broth. 

(4)  The  method  should  be  applicable  to  vaccine  production  where 
organisms  other  than  B.  influenzae  are  concerned. 


A  NOTE  ON  THE  LARGE  SCALE   PRODUCTION 
OF  PNEU.MOCOCCUS  VACCINE. 


f'APTAlX    R.    H.    MAI.OXE,    MD.,    I. M.S., 

On  sperinl  ihilif  <n,(h'r  thr  Imli'i"   Ri'maicli   Fund    .Isnoiinlioii, 
Cenlriil  Bemnich   1  ti.sliliilr.   Kasitiili. 

[  ■'  [Received  for  publication,  February  21,  1921.] 

Ix  aunther  coiiim«nication'  I  .showed  that  R.  infliuMizap  vaccino 
coiihl  be  rapidly  produced  by  growing  the  organism  in  tryptic-digest 
mutton  broth  (Douglas),  PH  7'2  to  7t.  containing  d.")  per  cent  gluco.sc 
and  O'.")  |)er  cent  heated  pigeon  blood. 

The  strains  of  B.  influenzae  used  were  i.solated  from  ca.ses  of  influenza 
during  an  epidemic  ])eriod.  They  fermented  glucose  with  production  of 
acid  (PH  fi  to  (J-4).  and  sedimented  readily  after  •21  hours  growth  in  the 
culture  medium  em])loyed.  The  vaccine  was  Tuade  bv  removing  the 
clear  supernatant  broth,  and  suspending  tin-  sediiiii'iited  organisms  in 
normal  salt  solution. 

It  is  probable  that  the  sedimentation  of  the  organisms  is  largely  due 
to  the  increased  acidity  of  the  broth  following  the  fermentation  of  the 
glucose  pre.sent.  If  this  be  so,  the  method  should  be  ap])iicabie  to  vaccine 
prrnluction  where  organisms  other  than  B.  infiuei.z  ,>  are  concerned. 

This  short  note  gives  the  results  f)f  the  ajiplication  of  the  method  to 
the  large  scale  ])roduction  of  pneumococcus  vaccine 

Pneumococcus  ferments  glucose  with  production  of  aci<l  (I'll  5  to 
5-6),  and  grows  well  in  tryptic-digest  broth  containing  h<>ated  pigeon 
blood,  and  so  an  exactly  .similar  culture  medium  was  u.sed  for  this  vaccine 
as  for  the  B.  influenzae  vaccine. 

.Mi;r]f<ii). 
The  various  steps  in  the  methcHl  are  a^  follows  : 

(1)  Prepare  a  series  of  litre  flasks  each  containing    .jtm    cc.    of 
glucose  blood  broth  as  for  H.  infliipnza'  vaccine, 
(     63     ) 


U        Large  Scale  Production  of  Pneumococcus  Vaccine. 

CD  After  adding  the  blood  incubate  the  flasks   at    37°C,    and 

reject  anv  that  show  signs  of  contamination  at  the  end  of 

24  hours. 
(:?)  Use,  as  seed,  a  2i-liour  growth  of  pneumococcus  on  ordinary 

rabbit    blood  agar,    PH  7-2  to  I'i.  and  sow  each  flask  l)y 

means  of  a  platinum  loop. 

(4)  Incubate  the  cultures  for  72  hours  at  37°C  so  as  to  ensure 

good  sedimentation.  (Note.— The  sedimentation  is  not  as 
complete  as  in  the  case  of  B.  influenzae,  and  the  sui)ernatant 
fluid  is  always  .slightly  turbid.) 

(5)  At  the  end  of  this  period  remove  the    supernatant    fluid    by 

means  of  a  suction  pump. 
(fi)  Test  the  sediment  of  eiich  flask    for   purity  by  subculture   on 
plain  agar  incubated  at  37°C  for  24  hours. 

(7)  Add  sterile  normal  .salt  solution  to  each  flask  to  make  up   to 

500  c.c. 

(8)  A<ld  O-")  per  cent  phenol,  and  allow  to  stand  at  room  tempera- 

ture overnight. 

(9)  Reject  all  flasks  that  fail  to  pass  the  purity  test,  and  test  the 

remainder  for  sterility  by  .subculture  on  plain  broth  (anae- 
robic)  and  on   plain  agar  (aerobic)  incubated  for  48  hours. 

(10)  Reject  contaminated  flasks.     Standardize  the  vaccine  in  the 

sterile  flasks  by  opacity,-  and  store  until  needed  for 
bottling. 

Yield  of    Vne,-itie. 


Strain  of 
I'liemnncooous. 

Origin  of  Strain. 

Number  of  flasli? 

from  which 

vaccine  was 

obtained. 

Average  yield  of  vac- 
cine expressed  as 

millions  of  organisms 
per  c.c.  of  broth. 

Ks.  Type    1      .. 
L.     Typo  11     . . 

Sptituni     of     fatal     case 
of  lobar  ))ncuiiionia 
(Kasauli). 

The    National    Collec- 
tion of  Type  Cultures. 
Lister  Institute. 

92 
70 

2990 
2380 

102 

2728 

Notes  : — (1)  The  figures  are  taken  from  the  records  of  the  Central  Research  Insti- 
tute, Kasauli,  and  represent  the  yield  of  vaccine  for  the  first  twenty  working  days  after 
this  method  was  adopted  as  a  routine. 

(2)  During  this  period  227  flasks,  each  containing  ."iOO  c.c.  of  broth  were  sown,  and 
fi5  (29  per  cent)  were  rejected  on  account  of  failure  to  pass  the  purity  and  sterility 
tests. 
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Media. 

1.  MEDIA.  PREPARATION  OF  AGAR  :  Ml'l  FIBRE  AGAR  : 
Ml'll. — (1)  Prepare: — Fibre  agar  1  ;  glacial  acetic  acid  0"05  ;  water 
2.  (2)  Allow  the  agar  to  soak  in  the  acidified  water  15  min. 
(3)  Remove  the  fibre  agar  and  wash  thoroughly  with  water  until  quite 
free  from  any  trace  of  acid  reaction  to  litmus  paper.  (4)  Squeeze  in  a 
cloth  to  get  rid  of  excess  of  water.  (5)  Use  in  the  preparation  of  media, 
to  give  a  3  per  cent  sol.  of  agar,  calculating  from  the  weight  of  the  agar 
in    the  original  dry  condition. 

Ml-12.  (1)  Prepare  :— Fibre  agar  10  ;  bouilloni  (M2*lll)  500. 
(2)  Allow  to  soak  2  hr.  (3)  Bring  into  sol.  with  heat.  (4)  Convert 
into  agar  bouillon  (M2*13). 

Note. — ^Instead  of  using  bouillon  the  fibre  agar  may  be  allowed  to  soak  overnight 
in  water  and  the  water  removed  in  the  morning. 

Ml*13.— (1)  Prepare  :— Fibre  agar  10  ;  water  500.  (2)  Dissolve 
with  heat.  (3)  Filter.  (4)  Add  the  filtrate,  made  up  to  a  volume  of 
.500  c.c.  to  bouillon^  (M2*lll)  of  double  strength. 

Note. — ^That  is  to  say,  bouillon  made  with  500  grm.  meat  to  500  c.c.  water  and 
containmg  the  same  quantity  of  peptone  and  sod.  chloride  as  is  used  for  1000  c.c.  ordinaiy 
bouillon. 

Ml-2     POWDERED    AGAR:      Ml-21.— (1)    Use     in    weighed 

quantities  r5  to  2  per  cent,  by  simple  addition^  directly  to    the   meat 

extract  in  the  same  way  (M2"lll)  as  peptone  and  sod.  chloride  are  added. 

Note. — The  powdered   agar  should  be  made  up  into  a  paste  or   .suspension  with  a 

lit'U  mMt  exirx::?.  b^fora  aliitioa  to  ths  remainder  of  the  meat  extract, 

(     66     ) 
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Ml'22.— (1)  Take  the  fibre  agar  as  prepared  in  Ml'll.  (2)  Place 
the  fibre  on  a  filter  funnel  furnishefl  with  moisteneil  eoHon  wool'  for 
filtration.  (3)  Place  the  filter  funnel  with  agar  in  an  autoclave  over  a 
collecting  receptacle.  (1)  Keep  1  hr.  at  120C.  (o)  Cool  rapidly  the 
receptacle,  now  containing  the  cleaned  filtered  agar.  (G)  Remove, the 
agar  when  .set.  (7)  Mince  finely  by  passing  the  agar  through  a  mincing 
machine  furnished  with  a  disc  having  small  holes.  (8)  Spread  the 
vermicular  threads  obtained  in  shallow  layer  on  trays.  (9)  Desiccate 
in  a  drying  oven  at  moderate  temperature.  (10)  Reduce  the  desiccated 
material  to  powder.  (11)  Preserve  in  the  dry  state.  (12)  Use  for  the 
preparation-  of  media  in  a  strength  of  1  per  cent. 

Notts. — 'The  filtering  wool  is  supported  oa  butter  muslin  and  the  free  edges  of  the 
latter  are  tunied  over  the  rim  of  the  funnel  and  tied  there.  This  prevents  the  wool  from 
sinking  down  into  the  narrow  part  of  the  funnel  and  blocking  the  tiltration.  *The  desic- 
cated agar  is  brown  in  appearance  but  becomes  white  and  transparent  when  brought 
into  solution.  .•^  it  has  been  filtered  and  cleaned  it  only  requires  to  be  weighed  and 
added  direct  to  a  fluid  medium.     No  further  filtration  is  necessary. 

2.  MEDIA.  PREPARATION  AND  COMPOSITION  :  M2'l 
MEAT  EXTRACT     PEPTONE.' 

Nota. — 'Syn.  nutrient  bouillon,  bouillon,  broth.  The  term  bouillon  will  be  used 
to  signify  meat  extract  peptone  fluid  medium,  and  where  this  term  is  used  without  any 
qualification  it  refers  to  the  method  M2'111. 

M2'I1  BOUILLON:  M2'lll.i— (1)  Mince  finely  fat-free  beef.2 
(2)  -Uld  50(1  iiiiu.  to  1000  c.c.  D.  W.  or  clear  T.  W.  (3)  Heat^  the 
rai.xture  20  min.  over  a  free  flame,  at  a  temperature  not  exceeding  50C. 
(4)  Skim  off  fat  floating  on  the  surface.  (5)  Raise  the  temperature  to 
boiling  point.  (6)  Boil  10  min.  (7)  Pour  the  mi.xture  on  to  a  wet, 
thick,  clean  cloth.  (8)  Collect  the  fluid  which  drains  through  the  cloth 
together    with    that   obtained  by  squeezing  the   meat    in    the   cloth. 

(9)  Filter  the  fluid  collected  through  well-wetted,  thick,  filter  paper. 

(10)  Add*  to  the  filtrate  :^peptone5    10  grm.;  sod.   chloride  5  grm. 

(11)  Steam  or  boil  io  min.  (12)  Bring  the  vol.  up  to  1000  c.c.  by  the 
addition  of  water.  (13)  Estimate,  and  adjust"  (S7*76,  7*8)  the  reSftion 
of  the  medium.  (11)  Steam'  30  min.  (1.5)  Clarify*  if  neces.sary,  and 
filter,  while  hot,  through  well-wetted,  thick,  filter  paper,  or  through  two 
layers  of  ab.sorbent  cotton  wool.  (16)  Distribute  the  fiUtute  into  flasks 
orT.  T.     (17)  SteriUze. 

Notes.— *The  description  here  given  will  be  taken  as  the  st<in'Ji.fd  for  other  forms 
of  mo<li«.  »Vea!,  chicken,  ox  or  horse  heart,  horse  flesh,  rabbit  llcsh,  fish,  blood,  placenta, 
liver,  spleen,  kidneys,  brain,  and  vegetable  materials,  such  as  yeast,  wheat,  etc.,   may 
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serve  to  furiiisli  the  extract  used  as  basis  for  the  inediiiin.  'Or  'simply  keep  in  a  coo! 
place  overnight.  'The  peptone  sliould  be  worked  into  a  paste  or  suspension  by  gradual 
addition  of  a  little  of  the  meat  extract  before  addition  to  the  filtrate.  ''A  still  higher 
jiercentage  of  peptone  is  sometimes  advantaceous.  Care  mu.-t  be  taken  to  select  a  good 
standard  bacteriological  peptone.  Such  a  peptone  should  be  comiiletely  soluble  With 
heating  in  water,  ahonld  not  contain  fermentable  sugar,  ami  should  afford  a  satisfactory 
pabulum  for  micro-organisms.  Commercial  "  i)eptones  "  differ  in  regard  to  their 
composition,  amino-acid  content,  etc.,  and  in  regard  to  suitability  for  certain  special 
tests  suoh  as  the  indol  test.  'A  very  generally  used  adjustment  for  ordinary  laboratory 
use  is  to  make  the  reaction  faintly  alkaline  to  litmus,  or  1  per  cent  (S7'81)  acid  to 
phonolphthakin.  The  standard  metliod  of  adj\istment  is  by  hydrogenion  concentra- 
tion (S7'83  to  7"86).  'To  stabilize  the  reaction  and  lo  precipitate  earthy  phosphates. 
This  precipitation  may  also  be  effected  by  heating  5  min.  at  116  C.  If  such  a  high 
temperature  is  used,  the  subseciuent  sterilization  must  be  performed,  if  jirecipitation 
in  the  medium  is  to  be  avoided,  at  a  somewhat  lower  temperature.  'If  simple 
filtration  through  thick  paper  alone  is  not  sufficient  to  give  a  clear  medium,  clearing 
should  be  effected  by  means  of  white  of   egg  or  other  clearing  agent  (M5'1). 

M2-112.1— (1)  Mince  finely  fat-fiee  beef.  (2)  Add  500  grm.  to 
1000  c.c.  D.  W.  or  T.  W.  (3)  Keep  in  a  cool  place  overnight.  (4)  Skim 
off  fat  floating  on  the  surface.  (5)  Pour  the  mixture  on  to  a  wet,  thick, 
clean  cloth.  (6)  Collect  the  fluid  which  drains  through  the  cloth  together 
with  that  obtained  by  squeezing  the  meat  in  the  cloth.  (7)  Bring  the 
volume  lip  to  1000  c.c.  by  the  addition  of  water.  (8)  Add  peptone 
10  grm.;  sod.  chloride  .5  grm.  (9)  Estimate  and  adjust  (S7*76,  7*8) 
the  reaction  of  the  medium.  (10)  Steam  or  boil  -1.5  min.  (11)  Filter, 
while  hot,  through  \veH-wette<],  thick,  filter  paper  or  through  two  layers 
of  absorbent  cotton  wool,  (VI)  l)istril)ute  the  filtrate  into  flasks  or 
T.  T.  (13)  Sterilize  (S9*5,  9*6). 

Notes.— 'Consult  notes  IVI2*111  for  explanatory  detail.  ^The  albuminous 
material  precipitated  oTit  of  the  meat  extract  takes  the  place  of  the  ordinary  white  of 
egg  added  for  clarification  purposes. 

M2-113  LEMCO.— (1)  Add  the  whites  of  2  eggs  to  1000  c.c.  water. 
(2)  Add  to  the  mixture  by  degrees  to  make  a  suspension  :  lemco^ 
3  to  5  grm.  ;  peptone  10  grm.;  sod.  chloride  5  grm.  (3)  Steam  or  boil 
45  min.  (4)  Filter,  while  hot.  through  well-wetted,  thick,  filter  paper 
or  through  two  layers  of  absorbept  cotton  wool.  (5)  Bring  the  vol. 
up  to  1000  c.c.  by  the  addition  of  water.  (6)  Estimate  and  adjust 
(S7*576,  7*8)  the  reaction  of  the  medium,  if  neces.sary.2  (7)  Sterilize 
(S9-5,  9'6). 

Notes. — 'To  take  the  place  of  meat  extract  obtained  from  fresh  meat.  The  results 
in  respect  of  growth  of  organisms  are  not  so  good  as  when  fresh  meat  extract  is  used. 
The  medium  is  practically  a  sugar-free  medinm.  ^Adjustment  of  reaction,  except  to 
give  a  specially  required  reaction,  is  unnecessary. 
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M2'114ACID  DIGEST  MEDIUM.— (1)  Miiue  finely  fat-free  f^oat, 

slieoporox  tlf.-li.     (J)  Add  tn  it  Ni  i.e.  strong   conunereial  liydiocliloric 

acid,  of  specifie  gmvity   1'  lli,  per   kilogramme.    (3)  Mix  thoroughly. 

(4)  Keep  in  a  water  bath  4  d.  at  70  C.     (-5)  Bring  the  volume  up  to 

1000  c.c.  for  each  kilogramme  of  minced  meat  used.     (6)  Prepare— acid 

digest   of   meat  1  ;  boiling  water  2.     (7)  Add  75  c. c.    40  per  cent  sod. 

hydroxide  for  each  kilogramme  of  miuced  meat  used.     (8)  Make  the 

reaction    faintly   alkaline  to    litmus.     (9)  Steam     60   min.     (10)  Pour 

the  uuxture  on  to  a  wet.  thick,  clean  cloth.     (II) Collect  the  fluid  which 

drain>;  through  the  cloth  together  with  that  obtained  by  squeezing  the 

cloth.     (12)  Estimate  and  adjust  the  reaction  of    the  medium  (S7*76, 

7*8).    (13)  Filter  through  well-wetted,  thick,  filter  i)aper.     (1 1)  Prepaie  : 

— filtrate  1  :  boiling  water  2.     (15)  Sterlize  (S9*6)  in  the  autoclave. 

M2'115'  LIVER.^ — (1)  Make  a  sterilized  liver  extract  in  the  same 

way  as  a  meat  extract 'with  1000  grm.  finely  minced  fresh  ox  liver  and 

1000  c.c.  water.     (2)  Make  a  solution.''  ])eptouc  2  per  cent  :  .sod.  chloride 

1  percent.     (3)  Sterilize  the  peptone  sol.     ( I)  Pre])are,  while  the  solutions 

are    hot,    and    with    sterile    precautions  :  —sterilized    liver    extract    1  ; 

sterilized     peptone    sol.    1.      (."))    Distribute     with    sterile    ]>recautions 

intoT.T. 

Notes. — 'Xo  adjustment  of  reaction  is  made.  For  cultivation  of  meningococcus, 
etc,  when  »olidi6ed  with  agar.  'Other  organs,  placenta,  etc.,  may  he  similarly 
treaicd.     ^'ht  solution  may  contain  3  per  cent  agar,  if  a  solid  medium  is  to  Ik;  made. 

M2-116'  BLOOD.  (1)  Allow  fresh  ox  blood  to  clot.  (2)  Place 
in  an  ice  chest  3  hr.  (3)  Detach  the  clot.  (1)  Remove  it  and  mince 
finely.  (5)  Replace  the  clot  in  the  serum.  (<>)  Weigh  clot  and  .serum 
together.  (7)  Add  twice  the  weight  of  D.  W.  (8)  Raise  the  tempera- 
ture to  boiling  point,  with  cou.stant  stirring.  (9)  Roil  10  min.  (10)  Pour 
the  mixture  on  to  a  wet.  thick,  clean  cloth.  (11)  Collect  the  fluid 
which  drains  through  the  cloth  together  with  that  obtained  by  sipiuezing 
the  cloth.  (12)  Boil  the  fluid  collected.  (13)  Skim  off  the  coagulated 
proteid  as  it  collects  on  the  surface.  (14)  Add  0-5  c.c  glacial  acetic 
acid  per  litre.     (15)  Filter   through    well-wetted,   thick,     filter    |)aper. 

(16)  Add  to  the  filtrate  :— peptone  1  per  cent ;  sod.  chloride  05  per  cent. 

(17)  Steam  or  boil  45   min.     (18)  Adju.st    the  reaction  (S7'76,  7*8) 
(19)  Distribute  into  Husks  or  T.  T.     (20)  Sterili/..-  (S9-5,  9*6) 

Note.— '.in  almoit  sugar-free  medium.     It  may  be  solichlicd  with  agar  (M2'13). 
M2'117     FISH.-(l)    Mince    Knely    the    flesh    of    fish.     (2)  -Add 
•500  grm.  to  the  following  sol.  :  -.s(j<l.  chloride  20-5  grin.;    pot.  chloride 
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0-75  grm.;  mag.  chloride  3-25  grin.;  water  500  c.c.  (3)  Heat  the  mixture 
20   min,    over   a   free    flame  at   a    temperature    not   exceeding  50  C. 

(4)  Raise  the  temperature  to  boiling  point.  (5)  Boil  10  min.  (6)  Pour 
the  mixture  on  to  a  thick,  clean  cloth.  (7)  Collect  the  fluid  which  drains 
through  the  cloth  together  with  that  obtained  by  squeezing  the  cloth. 

(8)  Filter  the  fluid  collected  through  well-wetted,  thick,  filter  paper 

(9)  Add  peptone  5  grm.  (10)  Steam  45  min.  (11)  Bring  the  vol. 
up  to  1000  c.c.  by  the  addition  of  water.  (12)  Steam  30  min.  (13) 
Filter,  while  hot,  through  well-wetted,  thick,  filter  paper.  (14)  Distribute 
into  flasks  or  T.  T.     (15)  Sterilize  (S9*5,  9*6). 

M2-12  GELATIN  BOUILLON.'— (1)  Proceed  as  in  the  preparation 
of  bouillon  (M2*lll)  through  steps  (1)  to  (8).  (2)  Add2  :— peptone 
10  grm.;  sod.  chloride  5  grm.;  gelatin^  120  grm.  (3)  Heat  gently  with 
constant  stirring.     (4)  Steam  or  boil  45  min.  to  obtain  complete  solution. 

(5)  Bring   the  vol.    up    to    1000  c.c.  by  the   addition  of   hot*   water. 

(6)  Estimate    and    adjust  the   reaction   of  the  medium  (S7*76,  7*8). 

(7)  Steam''  30  min.  (8)  Filter,"  while  hot,  through  well-wetted,  thick,  filter 
paper  by  placing  filter  funnel,  stand,  and  receptacle  for  filtrate  in  the 
steam  sterilizer,  and  steaming  till  filtration  is  complete.  (9)  Distri- 
bute'' into  flasks  or  T.  T.  (10)  Sterilize  (S9*5,  9*6).  (11)  Cool  the 
flasks  or  T.  T.  on  final  removal  from  the  sterilizer.  (12)  Store  in  a  cool 
place. 

Notes. — 'Any  fluid  merlium  m<aj'  be  similarly  solidified  with  gelatin.  -The  gelatin 
may  be  added  to  bouillon  (IVIZ'III )  if  that  is  ready  prepared.  ^The  gelatin,  which  should 
be  the  best  French  "  gold  label  "  gelatin  or  one  of  equivalent  purity,  is  cut  up  into  small 
jjieces  and  added  to  the  meat  extract.  *The  solution  must  be  kejit  warm  to  prevent 
solidification,  until  ready  for  Sltration.  '  ""To  preciiiitate  earthy  phosphates.  ^Filtration 
may  be  effected  by  using  a  hot  water  filter  funnel.  If  filtration  through  paper  is  not 
sufficient  to  give  a  clean,  medium  clarification  shoidd  be  effected  by  means  of  white  of 
egg  or  other  clearing  agent  (IVI5-1).  'Use  a  small  filter  funnel  with  rubber  attachment 
and  clamp  for  the  purpose. 

M2-13  AGAR  BOUILLON  ' 

Note. — 1  Any  flidd  medium  may  be  solidified  with  agar.  Syn.  "  nutrient  agar" 
to  bo  distinguished  from  "  agar  "  the  powder  or  fibre,  and  "  agar  sol."  which  is  a  sol 
of  agar  in  water.  When  the  term '' nutrient  agar"  is  used  without  qualification  it 
refers  to  the  product  M2'131. 

M2*131.— -(1)  Proceed  as  in  the  prei^aration  of  bouillon  (M2-111) 
through  steps  (1)  to  (8).  (2)  Add  per  1000  c.c.  of  fluid  obtained:— 
peptone  10  grm.  ;  sod.  chloride  5  grm.  ;  prepared  agar  (Ml'll)  30  grni.^ 

(3)  Steam  gently  21  hr.2  to  bring  the  agar    thoroughly  into  solution. 

(4)  Bring  the  vol.    up  to    1000   c.c.    by    the    addition  of   hot    water.  3 
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(5)  Estimate  and  adjust  the  reaction  of   the   niediiini   (S7"76,   7'8). 

(6)  Steam*  30  min.  (7)^  Filter,  while  hot,  through  well -wet  tod,  tliiik, 
filter  paper  or  two  layers  of  absorbent  cotton  wool,  by  placing  filter 
funnel,  stand,  and  receptacle  for  filtrate  in  the  steam  sterilizer  and 
steaming  till  filtration  is  completed.  (8)  Distribute  into  flasks  or  T.  T- 
(9)  Sterilize  (S9'5,  9-6). 

NolK. — *H  iK)wdorcd  agar  i.s  used,  20  grm.  per  1000  c.c.  of  medium  is  suflicicnt. 
'Or  heat  45  mill,  at  IIS  C.  'The  solution  must  bo  kept  hot  to  prevent  solidification 
until  ready  for  liltration  and  sterilization.  Agar  goes  into  solution  at  about  92  C.  and 
.•solidifies  at  a  tomi>erature  of  about  40  C.  'To  precipitate  earthy  phosphates.  'If 
filtration  through  paper  is  not  suflSeient  to  give  a  clear  medium,  clarify  with  while  of 
egg  or  other  clearing  agent   (HflS'l). 

M2'132.-  (1)  Cut  up  1:0  grm.  fibre  agar'  into  small  pieces.  (2)  Add 
to  UHlO  c.c.  hot  bouillon  (M2-111).  (3)  Biing  the  agar  into  solution 
with  heat  after  having  been  allowed  to  soak  2  hr.  in  tjieliot  bouillon. 

(4)  Estimate    and    adjust  the  reaction  of   the  medium  (S7*76,  7*8). 

(5)  Steam  30  min.  (6)  Clarify  and  filter  (M51).  (7)  Distribute  into 
T.  T.     (8)  Sterilize  (S9-5,  9-6). 

Note. — 'Agar  may  be  obtained  in  powder  form"  (M1"21)  and  may  be  u.sed  in  place 
of   fibre  agar. 

M2-133.— (1)  Place  15  grm.  fibre  agar  in  500  c.c.  T.  W.  (2)  Wash 
the  agar  well  by  squeezing  it  through  the  hands.  (3)  Decant  and 
reject  the  dirty  water.    (4)  Replace  with  the  same  amount  of  clean  T.  W. 

(5)  Heat  over  a  free  flame  with  constant  stirring  to  dissolve  the   agar. 

(6)  Add  peptone  5  grm.  ;  sod.  chloride  2"5  grm.  (7)  Add  to  500  c.c. 
meat  extract  (M3'61)  10  grm.  egg  albumin  which  has  been  made  into  a 
paste  or  suspension  with  a  little  of  the  meat  extract.  (8)  Add  the 
dissolved  agar  slowly  to  the  meat  extract  thus  prepared,  with  constant 
stirring.  (9)  Steam  60  min.  or  heat  45  min.  at  120  C.  (10)  Bring  the 
vol.  to  1000  c.c.  by  addition  of  water.  (11)  Estimate  and  adjust  the 
reiction.  (12)  Boil  15  min.  over  a  free  flame.  (13)  Make  up  for  any 
loss  of  volume  by  addition  of  water.  (14)  Filter,  while  hot,  through 
well-wettefl,  thick,  filter  paper  by  placing  filter  funnel,  stand,  and  recep- 
tacle for  filtrate  in  the  steamer  and  steaming  till  filtration  is  completed. 
(15)  Distribute  filtnito  into  flask  or  T.  T.     (10)  Sterilize  (S9-5,  9-6). 

M2-14  GELATIN   AGAR  MEDIUM  :   M2-141.'^  (1)  Is,,  gelatin 
10  per  cent  plus  agar  0-5  per  cent  to  solidify  bouillon  (M2"lll). 
Note. — 'A  medium  usable  at  incubation  temperature  of  30  C. 
M2-142.'     (1)  U.se  gelatin    12  per  cent  plus  agar  0-5  per  cent  to 
solidify   bouillon  (M2-111). 

Note. — 'A  medium  usable  at  incubation  toraiJerature  of  :J7  C.    • 
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M2-2  BLOOD  :  M2-21  WHOLE  BLOOD  :  M2-211.-(l)  Wash  and 

scrub  the  fiii.L'ci'  t(i  lie  used  well  with  hot  soap  and  water.  (2)  Drop  on 
to  the  finger  abs.  ale.  followed  by  ether  to  remove  the  ale.  (3)  Congest 
the  pulp  of  the  finger  by  winding  a  bandage  round  the  base.  (4)  Prick 
the  congested  piilji  with  a  sterile  needle.  (5)  Take  up  a  drop  of  the  blood 
which  exudes  in  a  sterile  platinum  loop.  (C)  Bmeari  on  the  surface  of  an 
agar  slope.  (7)  Cover  the  T.  T.  with  an  india-rubber  cap.  (8)  Test 
Kterility  before  use  by  incubation  48  hr. 
Note. — 'Serum  may  be  used  in  the  same  way. 

M2-212.'— (1)  Add  0-25  c.c.  blood  to  5  c.c.  melted  agar  in  a  T.  T. 
(2)  Boil   I  mill.     (;5)  Slope.2 

Notes. — 'For  cultivation  of  B.  influenzas.     'Tlie  precipitate  settles  to  the  bottom. 

M2-213.'— (1)  Use  meat  medium  (M3'51)  to  which  a  little  whole 
blood  lias   been  added. 

Note. — 'For  .stock  culture  B.  influenzae,  etc.  The  medium  is  capable  of  maintaining 
the  viability  of  B.  iuflueuzse  6  wk. 

M2'214.  -(1)  Add  directly,  blood  drawn  off  from  a  vein'  or  from 
the  heart  with  a  sterile  syringe  to  melted  nutrient  agar  in  a  T.  T.  at  45  C* 
(2)  Roll  the  T.  T.  between  the  palms  to  mix.  (3)  Slope.  (4)  Test 
sterility    by   incubation    48   hr. 

Notes. — 'Man,  sheep,  rabbit,  etc.  ^The  temperature  of  the  agar  should  not  be 
too  high  else  tlie  blood  will  settle  down  from  the  surface  of  the  blood  agar  slope  while 
it  is  solidifying. 

M2'215.' — (1)  Add  15  c.c.  aspirated  malarial  blood  to  a  centrifuge 
tube  containing  O'l  c.c.  50  per  cent  glucose.  (2)  Defibiiuate  the  blood- 
glucose  mixture  with  a  glass  rod.  (3)  Centrifuge.  (4)  Observe  the 
develo])n\ent2  of  parasites  at  41  C.  under  ana?robic  conditions. 

Notes. — 'For  cultivation  malaria  parasites.  *The  parasites  develop  in  the  layer 
1-^Oth  to  l-20th  in.  from  the  top  of  the  deposit.  Al!  the  iiarasites  in  the  deeper  lying 
red  cells  die.  Should  the  cultivation  of  more  than  one  generation  be  desired  the  leucocyte 
upper  layer  must  be  carefully  pipetted  off,  as  the  leucocytes  immediately  destroy  the 
merozoits.     Oulj'  the  parasites  within  the  erythrocytes   escajie  phagocytosis. 

M2*216.'-  (1)  Prepare  agar  sol.  :— sod.  chloride  fj,  well  washed 
agar  HI:  water  !»U0.  (2)  Sterilize.  (3)  Prepare  :-  rabbit  blood  1; 
agar  sol.  at  'A)  C.  3.  (1)  Slope.  (5)  Test  sterility,  ((i)  Preserve  in  the 
dark. 

Note. — 'Fur  ('ulti\'ation  of  Loishmania. 

M2-22  DEFIBRINATED  BLOOD  :  IVI2-221. '(1)  Defibrinate 
liuman   or   rabl>it  ])Iood.     (2)  Add    10    times  its  vol.  D.    W.   (3)  Add 
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1  vol.  of  tlie  laked  hlcmd  thus  obtiiiiU'd  to  2  vol.  1 -J  ])cr  rent  Rod. 
chlorido. 

Noll. — 'Fur  ciiltivaliun  of   Lrishmauin. 

M2'222.' — (1)  Prepare  :  sterilized-  defd)rinated  liimian  blood''  at 
15  C,  5  drops;  melted  uutrieut  agai*  OG  per  cent  acid  to  phi-nol- 
plithaleiii  at  45  C. 

Nohl.— *For  the  cultivation  of  the  gonococcus.  ^Stoiilixc  8  rf.  at  ,57  C.  'Scrum 
may  be  used  iustead  of  blood.  'Preferably  nutrient  agar  in  which  sod.  chloride  is  replaced 
by  di-sod  phoapbate.    The  substitution  of  phosphate  is  important. 

M2*223. -(1)  Prepare:-  sterile  delibrinated  blood  at  l."j  ('.  1: 
melted  nutrient  agar  at  15  C.  "2. 

M2-224.'— (1)   Prepare  :     potato    extnut    (M4-813)    10;    OC.   j.cr 

cent  sod.    chlorile  30;    agar  1.     (2)  Sterilize.     (3)   Di.stiibute  in  T.  T. 

(4)  Prepare  with    sterile  precautions  : — melted  potato  extract  agar  at 

45  C,  1;  sterile  defiBrinated  blood  at  15  ('..  1.  (5)  Test  sterility  by 
incubation  48  hr. 

Nott. — 'For  the  cultivation  of  delicate  organisms,  such  as  the'  iiiHucnza  bacillus, 
B.  pertussis,    meningococcus,    gonococcus,  etc. 

M2"225.'  (1)  Prepare  r.lkali  blood  :  delibrinated  ox  blood  1  ;  N-1 
sod.  hyilro.\ide2  1.  (2)  Sterilize  (S9-5)  3  d.  at  100  C.  (:5)  Prepare  :  — 
sterilized  alkali  blood  at  45  C,  3  ;  melted  nutrient  agar  neutral  to  litmus 
at  45  C.  7.     (4)  Distribute''  immediately   int.o  T.  T.  or  jjlati'S. 

Notes. — 'For  isolation  of  V.  cholera;.  -Or  ll--t  per  cent  anhydrous  sod.  carbonate^ 
'.Should  be  kept  freely  open  after  tubing  or  plating,  under  sterile  sheets  of  paper,  for 
48  lir.  at  37  C,  or  under  a  bell  jar  containing  carbon  dioxide  gas  for  30  to  60  min. 

M2'226.' — (1)  Prep  ire  : —melteil  iiutiicnt   agar    containing  2   per 
cent  peptone  at  45 C,  1;  sterile  defibrinatud  ral)bit  blood  at  15  C.  2. 
Note. — 'For  cultivation   of   Lei.shmanin,    etc. 

M2*227.  -(I)  Collect  lood  aseptirally  in  a  sterile  flask  containing 
glass  beads.  (2)  Shake  10  min.  (:})  Distribute  with  sterile  precautions 
into  T.  T.     (4)  Test  sterility  by  incubation  48  lii-. 

M2-228,—(l)  Prepare  :-flefibrinated  ox  birxxl  I:  N-1  sod. 
hydroxide  I.  (2)  Steam  00  min.  ('])  De.siccate  in  rruiio  over  sulphuric 
acifl  or  calc.  chloride.  (4)  Grind  the  residue  to  powder.  (5)  .Make  for 
use  a  10  per  c>nt  .solution  of  blood  powder,  (li)  I'rcjKire  :  10  per 
cent  blood  jiowder  solution  at  15  C,  ."{  ;  melted  niitiieiit  agar  at  45 C,  7. 

M2-229.'  (1)  Prepare  :  -lactose  03;  melted  nutrient  agar  10. 
(2)    Kaise    slowly    to    boiling   water   temperature.     (."5)    Cool    to    45  C. 
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/4)Addlc.c.  defibiinated  stmle  human  blood  at  45  C.,and3c.c.  1  per 
cent  ale.  losolic  acid  at  45  C.    (5)  Prepare  plates.    (6)  Keep  2  d.  before  use. 
NoUs.— 'For  cuUivation  of  typhoid,  coli,  dysentery  orgauisms,  etc. 

M2-23  DEFIBRINATED  BLOOD:  M2-2311.— (1)  Prepare:— 
llhro  afjar  20  ;  T.  W.  1000.  (2)  Dissolve  the  agar.  (3)  Distribute 
n  T.  T.  (4)  Sterilize.  (5)  Prepare  :— sterilized  agar  B^l.  1;  sterile 
defibrinated  rabbit  blood  1 .  (6)  Solidify  in  the  sloped  position.  (7)  Sow 
the  organism  in  the  water  of  condensation. 

Notes.— 'For  the  cultivation  of  trypanosomes  of  cold-blooded  animals. 

M2*232.'— (!)  Propaic  blood  fluil  :— defibrinated  blood  1 ; 
D.  W.  3.  (2)  Add  0-5  c.c.  10  per  cent  sod.  hydroxide^  per  100  c.c. 
blood     fluid.     (3)     Sterilize     (S9-6)    in     tin;     autoclave     at     112    C. 

(4)  Pr-pare  :— sterilized  blood  fluid^  at  80  C.  ,*  1  ;  melted  pepsin  digest 
agar  (M3-9211)  at  80  C,  2.     (5)  Slope. 

|ifote, ipor  cultivation  of  raeningo  coccus,  etc.     ^xhe  addition  of    alkali    permits 

cf  sterilization  witliout  coagulation.  'The  blood  fluid  may  be  rendered  only  just 
alkaline  to  litmus  by  the  addition  of  hydrochloric  acid  before  addition  to  the  agar.  *In 
order  to  avoid  precipitation  of  colloids. 

1VI2"233.^ — (1)  Prepare  pept  )ne  agar  :— peptoae  G"5  ;  sod.  chloride 
1:  agar  lo ;  water  100.  (2)  Prepa  e  :— melted  peptone  agar  at 
45,  C.   1  ;  defibrinated  rabbit's  blood  at   45  C,  1. 

fjote. — 'For  cultivation  of  trypanosomes,  etc. 

]yi2*234.'— (1)  Prepare  agar  sol. : — sod.  chloride  0-6  ;  agar  15  ;  water 
100.  (2)  Prep  ire  : — melted  agar  sol.  at  45  C,  1  ;  defibrinated  rabbit's 
blood  at  45  C,  1. 

I^Qtg, — ifor  cultivation  of  trypanosomes,  etc. 

M2*235.' — (1)  Prepare  ; — defibrinated  rabbit  or  human  bood  1  ; 
melied  nutrient  agar  at  70  C,  20.  (2)  Kaise  the  temperature  of  the 
mixture  to  boiling  point  over  a  free  flame.  (3)  Shake  to  mix.  (4)  Eaise 
to  boiling  point  twice  again.  (5)  Allow  to  deposit.  (6)  Decant  the 
clear  S.  N.  F.  into  T.  T.  while  the  agar  is  still  melted,  or  filter  through 
glass   wool.     (7)  Slope. 

(tote, — ili-or  cultivation  of  B.     influenza-,  etc. 

M2"236.—(l)  Prepare  :— stock  ■"tryptamine  "  medium  (IVI4*732) 
1  :  water  2.  (2)  Make  di.stinctly  acid  to  litmus  by  the  cautious  addition 
of  stron.;  hydrochloric  acid.     (3)  Add  agar  2  per  cent.     (4)  Steam  2-|  hr. 

(5)  Filter,  while  hot,  through  well-wetted,  thick,  filter  paper  by  placing 
filter  funnel,  stand,  and  receptacle  for  filtrate  in  the  steamer  and  steaming 
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till  filtration  is  completed.  (('•)  Add  per  litre  of  melted  agar  at  65  C. 
50  c.c.  defihrinated  sheep's  blood  and  the  beaten  up  white  of  2  eggs. 
(7)  Steam  50  min.  (8)  Strain  the  mixture  through  a  fine  wire  sieve  and 
squeeze'  the  fliud  out  of  the  clot.  (9)  Filter  through  glass  wool,  taking 
care  to  keep  the  mixture  hot  during  the  process.  (10)  Adjust  the 
reaction.     (11)  Distribute  in  T.  T.     (12)  Sterilize  15  iiiin.  at  100  C,  3  d. 

Note. — 'With  a  glass  plate  or  clock  glass. 

M2*237.'  (1)  Prepare  :  chloroform  1  ;  ox  serum  obtained  as 
sterilely  as  pos-^ible,  200  to  250.  (2)  Place  in  incubator  48  hr.  with  occa- 
sional shaking.  (.S)  Test  sterility.  (4)  Prepare  laked  blood  :— D.  W.  1 ; 
defihrinated  ox  blood  obtained  as  sterilely  as  possible,  1.  (5)  Prepare  : — 
chloroform  1  ;  laked  blood  200  to  2-50  c.c.  (6)  Place  in  incubator  48  hr. 
with  occa.'=ional  shaking.  (7)  Test  sterility.  (8)  Prepare  with  sterile 
precautions  and  without  shaking,  hsDmoglobinized  serum: — chloroformed 
laked  blood  1  ;  chloroformed  serum  20.  (9)  Prepare  with  sterile 
jjierautions  : — bsBmoglcbin'ze  1  serum  at  45  C,  1  ;  melted  peptone  agar 
(M4'll)  7.  (10)  Distribute  with  sterile  precautions  into  T.  T. 
(11)  Slope.  (12)  Stack  the  T.  T.  in  the  horizontal  po.sition.2  (1:5)  Test 
sterihty  by  incubation  48  hr. 

Notes. — 'For  cultiTation  of  meningococcus,  etc.  The  medium  sliould  bo  clear  and 
free  from  all  trace  of  red  colour.    *To  prevent  unequal  drj'ing. 

M2"238.'  -(1)  Prepare  with  sterile  precautions  and  without 
shaking  luemoglobinized  serum  : — c-hloroformed  laked  blood  (M2'237) 
1  ;  chloroformed  serum  (M2*237)  50.  (2)  Prepare  with  sterile 
prpcautions  : — hffimoglobinized  serum  at  45  C,  1  ;  melted  peptone  agar 
(M4'll)at45C.,  3.  (.3)  Distribute  with  sterile  precautions  into  T.  T. 
(4)  Slope.     (5)  Stack  in  the  horizontal  po.sition.^ 

Notes. — 'For  cultivation  of  meningococcu.s  from  ccrebro-si)inal  fluid.  *To  prevent 
the  medium  drying  unevenly. 

M2'239.— (1)  Prepare  :— 12  per  cent  crystalline  sod.  carbonate  1  ; 
detibrinated  blood  1.  (2)  Prepare  : — alkaline  defihrinated  blood  3  ; 
4  per  cent  melted  nutrient  agar  7. 

M2-24  LAKED  BLOOD:  M2-241.— (1)  Bleed  a  rabbit  directly 
from  the  carotid  into  I  5  percent  sod.  citrate.  (2)  Dilute  with  085 
S.  S.  S.  to  give  a  5  per  cent  suspension  of  blood.  (3)  Add  10  per  cent 
ether.  (4)  Shake  to  mix.  (5)  Leave  the  .sediment  21  hr.  (0)  Draw  off  the 
laked  blood  into  a  sterile  bottle.  (7)  Add'  an  e.xcess  of  ether.  (8) 
Prepare  :— laked  boodat  J5  C,  1  ;  melted  trypagar  (M4-711)at  45  C,  50. 

Note. — '.\dd  a  few  drops  of  ether  to  the  blood  each  time  the  bottle  ia  opcne<l. 
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M2'242.  -(1)  Collect  blood  at  the  slaughterlioii.se.  (-2)  Keep  in  the 
ic(!  chest  :i  hr.  (:})  Remove  the  clot  and  luince  finely.  (4)  Return 
the  minced  clot  to  the  .serum.  (5)  Add  2  vol.  D.  W.  (6)  Heat  the 
mixture  20  miii.  at  a  temperature  not  exceeding  50  C.  (7)  Raise  the 
temperature  to  boiling  point,  (.s)  l'>()il  10  luiu.  ([))  Pour  the  mixture 
on  to  a  wet,  thick,  clean  cloth.  ( 10)  Collect  the  fluid  wliich  drains  through 
the  doth  together  with  that  obtained  by  .squeezing  the  cloth.  (11)  Boil 
and  skim  oU  any  coagulated  protein  which  collects  on  the  surface. 
(12)  Add  0"5  c.c.  glacial  acetic  acid  per  litre.  (13)  Boi!  -j  niin. 
(14)  Filter  through  well-wetted,  thick,  filter  paper.  (15)  Add  to  the 
filtrate  1  per  cent  peptone  and  05  per  cent  sod.  chloride, 
(Hi)  Steam  45  min.  (17)  Estimate  and  adjust  the  reaction  of  the  medium 
(S7-76,  7-8).  (18)  Steam  30  min.  (19)  Filter,  while  hot.  through  well- 
wetted,  thick,  filter  ])aper.  (20)  Distribute  into  T.  T.  (21)  Sterilize 
(S9-6)  30  min.  at  12  lbs. 

M2'243.  (1)  Pn pare  :—defihrinated  ox  blood  at  70  C,  1;  melted 
nutrient  agar  at  70  C,  20.  (2)  Stream  45  min.  (3)  Allow  to  solidify. 
(4)  Steam  to  melt  the  medium.  (5)  Strain  through  glass  wool,  filled 
to  a  depth  of  Jth  in.  into  a  Buchner  funnel,  under  slightly  reduced  pressure. 
(6)  Distribute  into  T.  T.     (7)  Sterilize  (S9-5)  at  100  C. 

M2'244.  (1)  Make  a  saturated  sol.  of  defibrinated  blood  in  1  per 
cent    sipoiiiu.     (2)  Add    to  melted    nutrient    agar. 

M2"245.  (1)  Boil  1  c.c.  blood  with  9  c.c.  water.  (2)  Allow  to 
deposit.  {'■'))  Add  n-.")  c.c.  clear  colourless  S.  N.  F.  to  5  c.c.  melted 
nutrient   agar. 

Note. — ^For  cultivation  of  B.  infliienzse,  otc. 

M2'546.'  (I)  Prepare  ;  -blood  1  :  N-I  sulphuric- acid  1  ;  water  o. 
(2)  Boil.  (3)  Store  for  use.  (4)  Make  faintly  alkaline  to  litmus  at  the 
time  of  ust\  (."))  Pivpare: — Blood  fluid  faintly  alkaline  to  litmus  at  45  C, 
1  ;  melted  nutrient  agar  at  45  C.  5. 

Notes. — *For  cultivation  of  B.  influenz;«,"eto.   -The  sulpliuric  acid  sterilizes  tlie  blood. 
Brilliant  green,  wliich  inhibits  the  growth  of  Gram  po.sitive  bacteria,  may  be  added. 

M2'247.'— (1)  Lake  defibrinated  blood  with  the  smallest  possible 
amount  of  sterile  I).  \V.  (2)  Add  the  hiked  bhuid  to  glucose  agar 
(M4"521)  in  f|uaiiti(y  sullicieiit  to  give  a  deep  colour  to  the 
mediuni. 

Note. — 'For  cultivation  of  meniugococcu.s,  etc. 
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M2-25  CITRATED  BLOOD:    M2-251.     (1)  A.ld   I   ( .c.  .itrat.Ml' 
lilouil  to  a  '1".  T.  of  im-ltfil  imtrii'iii  a;;iir  al    l"i   ('.     (il)   Itotalc  I  lie  T.  T. 
iK'twi'.Mi  lli«'  hands  to  (listiilitito  tli-  blood  llii-oiiirli  ili,.  a>;ar. 
Note. — Mo   0.0.  blooil  to  1  c.c.  sterile  10  per  cent  soil,  citrate. 

M2*252.  (1)  Piepare  :  pisieoii's  blood  I  ;  1  iht  (.miI  cif rated  OS.") 
S.  S.  S.  !i.  {1)  Heat  :50  iniii.  nt  G.'j  to  TOC.  (:5)  Filter  thioiiKh  thick, 
filter  paper.  (4)  Prepare  :  -filtrate  at  i')  ('..  I  :  melted  ittitrieiil  ajiar 
faintly  alkaline  to   litmus,   at   4:")  C.    10. 

M2*253.  -(1)  Bleed  a  rabbit  directly  from  the  carotid  into  nO  c.c. 
.")  per  cent  citrated  OS:)  S.  S.  8.  (2)  Dilute  the  citrated  l)l()od  with 
0-85  S.  S.  S.  to  give  a  content  of  5  per  cent  rabbit's  bood.  (.))  .Add 
ether  to  10  per  cent.  (4)  Shake  to  mix.  (5)  Allow  to  deposit  '24  hr. 
(())  t)istribtite  the  supernatant,  clear,  laked  blood  in  .•  toppered  bottles. 
(7)  Add  a  little  exc(«s  of  ether  to  each  bottle.'  (H)  i'r.'paie  :  hicmo- 
lyzed  bK)od  at  4-5 C.  2  ;  melted  tryp-agar  (M4'7)  at  15  ('..  pMi. 
Note* — 'Add  a  few  drops  ether  also  each  time  tlie  bottle  is  opened. 

M2*254..    -(1)    Prepare  :— citrated    blood'    at     fo  C  ,  (1-2  ;    melted 
nutrient  agar  at  4.")  C.  5.     (2)  Place  in  a  water  bath  at  80  (",  tititil  the  agar 
has  become  chocolate    in    colour.     (3)  Slope. 
Note.— MO  per  cent  citrat«d  085  S.  S.  S.  1  ;  blood  10. 

M2'255.'     (1)  Piepare: — sterile  fresh  hutiiati    blood  I  ;  O.l  per  cent 
citrated  0-8.5  S.  S.  S..  4.     (2)  Heat  in  a  water  iiath  :iO  min.  at  04  to  (iS  C. 
(3)  Filter  through   sterilized    jiapt-r.     (4)   Prepare  :     blood    fluid  filtrate 
at  J-")  ('.,  1  :  melted  nutrient  agar  faintly  alkaline  to  litmus  at  4-")  ('..  10. 
Note. — 'For  cultivation  of  B.  influenz.T.  etc. 

M2-26  OXALATED  BLOOD  :  M2-261.'  (1)  Collect  4(10  c.c.  ox  or 
sheep  blood  at  the  slaughterhoitse  in  a  sterile  flask  containing  ."^O  c.c. 
1  per  cent  amnion,  oxalate  and  05  c.c.  formalin.  (2)  .Mix  well. 
(3)  Allow  to  stand  30  min.  (4)  Dilute  1-4  with  OS')  S.  S.  S.  (.5)  Leave 
48  hr.     (6)  Prepare  :—- oxalated  blood  I  :  nutrient  medium  at  4.5  V  .  15. 

Mote. — 'Used  for  cultivation  of  delicate  organisms,  sueli  as  gooococouB, 
meningococcus,  pneumococcus. 

M2-27  DIGEST  BLOOD  :  M2-271.  -(1)  Prepare  :— ox  blotxl  .500  : 
pep.sin  powder  15:  hydrochloric  acid  15:  D.  \V.  1000.  (2)  Keep  for 
12  hr.  at  40  to  42  C.  (3)  Boil  30  min.  (4)  Filter.  (5)  Make  faintly 
alkaline  to  litmus.     (6)  Solidify   with   agar. 

M2"272.'  -(1)  Prepare  with  sterile  precaiition.s  : — nnhvdroiis  <wid. 
carbonate  025  ;  sterile  5  |ier  cent  trypsinized^  085  .S.  S.  S.  K>0.  (2)  Dis- 
tribute in  quantities  of  10  c.c.  in  .sterile  T.  T.     (.i)  Add   to  each  T.  T. 
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2  c.c.  sterile  human  blood.  (4)  Incubate  8  d.  or  longer  with  occasional 
shaldng.  (5)  Prepare  with  steiile  precautions  : — blood  digest  at  45  C,  1 ; 
melted  nutrient  agar  at  45  C,  9.     (G)  Distribute  into  T.  T.  or  plates. 

Notes. — *For  cultivation  of  B.  influenzse,  ''e.g.,  Liq.,  trypsiuse  Co.  (Allen  and 
Hanbury). 

M2-3  BLOOD  SERUM  OR  PLASMA  :  M2-31  SERUM 
WATER:  M2-311.  (I)  I'K-paie  :  -clear  ox  serum  i:  water  .".. 
(2)  Steam  15  min.  (3)  Add  litnuis  (S7-783)  to  give  a  deep  blue  tint,  and 
1  per  cent  sugar.  (4)  Sterilize  (S9*5)  20  uiin.  at  100  C,  3  rf.  or  by 
filtration. 

M2-312.— (1)  Prepire  ^-serun^  1  :  D.  W.  3.  (2)  Sterilize  20  min. 
at  118  C.  (3)  Add  sugar  to  1  per  cent.  (1)  Sterilize  (89*5)  20  min.  3  d. 
at  100  C. 

M2'32. — Collect  ox  or  .sheep  blood  at  the  slaughterhouse  in  a  sterile 
blood  jar  or  in  a  bucket.  (2)  Place  24  hr.  in  cold  storage.  (3)  Collect 
the  serum.  (4)  Add  2  per  cent,  chloroform  as  preservative.  (5) 
Prepare : — glucose  bouillon  (M4*529)  1  ;  serum  3.  ((3)  Coagulate 
(M6-1).     (7)  Sterilize  (S9-5)  24  hr.  after  coagulation. 

M2*33. — (1)  Collect  o.\  or  sheep  blood  at  the  slaughterhouse'  in  a 
sterile  blood  jar  or  in  a  bucket.  (2)  Allow  the  blood  to  coagulate  before 
remo\n.ng  it.  (3)  Separate  the  clot  from  the  sides  of  the  containing 
vessel  with  a  sterile  glass  rod.  (4)  Place  24  hr.  in  a  cool  place. 
(5)  Transfer  the  separated  serum  mth  a  sterile  pipette  in  quantities  of 
5  c.c.  to  sterile  T.  T.  (6)  Sterilize  30  min.  at  58  C.  on  each  of  8 
successive  days  or  20  min.  at  100  C  3  d.  (7)  Coagulate  (M6'l).  (8)  Test 
sterility  by  incubation  for  48  hr. 

Note. — ^Allow  the  first  flow  of  blood  to  escape  before  collecting.  If  tlic  blood  be 
collected  aseptically,  sterilization  is  unnecessary. 

M2*34. — (1)  Prepare  : — glyceiin  5  ;  ox  serum  95.  (2)  Heat  30  min. 
at  56  C.  in  a  water  bath  on  each  of  two  successive  days.  (3)  Coagulate 
(M6'l)  24  hr.  later.  (4)  Test  steriUty  before  use  by  incubation 
48  hr. 

M2'35. — (1)  Prepare: — glucose  bouillon  (M4"529)  1;  ox  or  sheep 
serum   3.     (2)  Coagulate   (M6*l). 

M2'36. — (1)  Prepare: — 10  per  cent  sod.  hydroxide  1-5;  ox  serum 
100.     (2)  Coagulate   (M6-1). 

M2'37. — (1)  Prepare  : — .sterile  or  sterilized  placental  blood  serum 
at  45  C,  1  ;  melted  nutrient  agar  1  per  ci  ut  acid  to  phenolphthalein  at 
45  C,  1. 
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M2-38.-(l)  Coagiilato  (M6-1).  (2)  Add  085  S.  S.  S.  to  each  T.  T. 
slope  to  cover  the  meiliuiu.  (3)  Sterilize  GO  min.  at  115  C.  (4)  Pour  off 
the  salt  sol.'  at  the  time  of  use. 

Molt. — *Tlie  addition  of  salt  sol.  allows  of  satisfactory  stcrilizjUioii  iiml  keeps  the 
me<Iiiim  moist  till  reqiiirpd. 

M2*39.  — (1)  Prepare: — sterile  liuninn  serum  at  150.,  1:  melted 
iiutrii'iit  asar  at    IT)  C.,   "2. 

M2'4  BLOOD  SERUM  OR  PLASMA  :  M2-41.-(l)  Prepare  and 
dissolve  : — peptone  5  ;  sod.  chloride  2'5  ;  glucose  '!■') ;  agar  10  ;  water  .WO. 

(2)  Add   calf   serum    .500.     (3)    Boil     20    min.     (A)   Filter   while   hot. 

(5)  Distribute  in  T.  T.  (G)  Sterilize  .50  min.  at  100  0.  or  30  min.  at  1 17  C. 

M2'42. — (1)  Sterilize  pure  glycerin.  (2)  Prepare  with  .sterile 
precautions  : — sterilized   glycerin    7  ;    sterile   ox    sterilized  sennn    100. 

(3)  Coagidate  (M6-1). 

M2'43.^—(l)  Prepare  and  dissolve  :— agar  1-5:  water  100.  (2) 
Filter.     (3)  Distribtite  in  T.  T.     (4)  Sterilize  at  120  C.     (5)  Cool  to  40  C. 

(6)  Add  an  equal  vol.  of  sterile  sennn. 2  (7)  Mix  gentlv  bv  rotating 
the  tubes  in  the  hands.  (8)  Slope.  (9)  Test  .sterility  l)y  incubation 
48  hr. 

Notts. — 'The  same  medium  as  1/12*41  without  the  peptone,  salt  and  glucose.  *0r 
acetic  Buid. 

M2*44. — (1)  Mince  finely  fresh  human  placenta.  (2)  Add  500  grm. 
placenta  and  placental  fluid  to  100  c.c.  water.  (3)  Prepare  : — sod. 
chloride  5  ;  glucose  10  ;  nutro.se  20  ;  peptone  20  ;  agar  25  ;  ]ilacental  fluid 
1000.  (5)  Prepare  :  —melted  placental  fluid  agar  at  45  C,  3  ;  ox  serum  at 
45  ('.,    1.     (G)  Pour  in  plates. 

M2*45. — (1)  Prepare: — chloroform  2  ;  blood  serum   KiO.     (2)  Keep 
in  a  well-.stoppered   bottle  in  the  dark  2    m.     (3)  Distriijute    in   sterile 
T.  T.  with    sterile   precautions.     (4)  Coagidate'    (M6*l). 
Note, — 'The  chloroform  will  be  driven  ofif  in  the  process. 

M2*46.' — (1)  Prepare: — ox  serimi  heated  30  min.  at  50  C,  1; 
Oa5  S.  S.  S.  or  Locke's  fluid ,2  9. 


*For  cnltiTation  of  S.  icterobaimorrhagiie,  ^Locke's  iluid  : — S-oil.  chloride 
9-2  ;  flod.  bicarbonate  0-05  ;  pot.  chloride  0-1  ;  calc.  chloride  0-1  ;  eod.  citrate  10  ;  waU-r 
1000. 

M2'47.'— (1)  Prepare  :— rabbit  serum  heated  30  min.  at  5G  C.,    I  ; 
0-85  S  S.  S.  5. 

Note. — 'For  cultifatioa  of  S.  icterobiBmorrhagix. 
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M2"48'.  (1)  I'lcpaiP  :  sterile  ralihit  seniin  at  15  ('..  1 -n  ;  Kilmer's 
sol. 2,11  inc..  I--");  nirltcil  nutrient  Mfiar  at  15  ('..  1.  (-J)  rovciMvitli  a  tliin 
layer  iif   paiairm   nil. 

Note.  -'Foi-  ciillivation  of  S.  ictcnilui'monliagias  which  is  an  oblinatoiy  ajrobe. 
»8o(l.  rlilurido  0-88  :  pot.  chloride  0-02.".  ;  calc.  chloride  002  ;  sod.  bicarbonate  0-0]5; 
1).  \V.  KMt. 

M2'49.'  (I)  I'lepaic  ;  sterile  rabhit  .serum-  heated  :!0  inin.  at 
58  to  ()(l(^  aiidcovered  with  a  layer  of  sterile  paraffin  oil. 

Notes.— 'For  cultivation  of  spirocluetes.     ^Diluted  or  undiluted. 

M2-5  BLOOD  SERUM  OR  PLASMA.  M2-51'.  (1)  Fill  the 
serum  into  tall  T.  T.  CJ)  Heat  in  the  upright  iiosition  at  (i5C. 
(3)  Remove  as  soon  as  the  serum  hegin.s^  to  set. 

Notes. --'For  cultivatiion  of  spirochajtes.  ''The  heat  retained  in  the  tube  will  com- 
plete the  coauulation.     A  soft,  alnsost  transparent,  coagulum  is  formed. 

M2*52.'      (1)  Prepare:     unheated     clear    sterile    liorse    serum     1; 
.rlueose  bouillon  (M4*529),    o.ii    per   cent,  acid  to  phenolphthaleiu,  20. 
Note. — 'For  cultivation  of  meuiugocoecus. 

M2'53.     (1)  C'oUect  ox  or  sheep  blood  at  the  slaughterhouse   in  a  ' 
sterile    blood  jar.     (2)  Allow  the  blood  to  coagulate.     (3)  Detach  the 
clot.     (1)  Place  in  the  ice  chest.     (5)  Pipette  of  the  serum  with  a  sterile 
pipette.     (6)  Keep     the      serum     in     the    ice     chest     till     required.^ 

(7)  Distribute  a  portion  of  the  serum  in   quantities    of   5  c.c.^  in   T.   T. 

(8)  Sterilize  2  (/.  30  min.  at  60  C.     (9)  Coagulate  (MS'l). 

Notes. — 'It  is  not  advisable  to  coagulate  more  than  is  actually  required  at  the  time. 
-The  small  quantity  5  c.c.  is  quickly  coagulated. 

M2'54'. — (1)  Collect  o.\  or  sheep  blood  at  the  slaughterhouse  in  a 
sterile  blood  jar.  (2)  Leave  the  jar  at  the  slaughterhouse  to  avoid  the 
shaldng  up  consequent  on  transportation.  (3)  Transfer  the  separated 
serum  24  hr.  later  with  a  sterile  pipette  to  a  sterile  flask.  (4)  Transport 
to  laboratory.  (5)  Add  ether  to  5  per  cent.  (6)  Cork  tightly. 
(7)  Leave  24  hr.  (8)  Replace  the  cork  with  a  sterile  wool  plug.  (9)  Keep 
the  flask  and  contents  in  a  water  bath-  for  3  hr.  at  50  C.  to  drive  off  the 
etlier.     (10)  Prepare  : — serum  at  45  C,  25  ;  melted  nutrient  agar  100. 

Notes. — 'For  cultivation  of  meningococcus.  ^The  flask  may  be  placed  overnight 
in  the  incvibator  instead. 

M2*55'. — (1)  Prepare  pyrogallic  acid  sol.  : — pyrogallic  acid  1  ;  sod. 
hvdroxide  2  ;  D.  W.  HiO.  (2)  Keep  several  weeks  before  use. 
(3)  preparo  : — serum  10;  pyrogallic  acid  sol.  1.  (4)  Coagulate  (M6'l). 
(5)  Sow  by  passing  a  pipette  containing  culture  material  between  the 
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medium  iMid  the  wall  ..f  the  T.  T.  (G)  8(>:il  I  ho  T.  T.  hcrnictiually. 
(7)  Incubate. 

notes. — *For  cultivation  of  spirochictcs. 

M2'56.'— (1)  Prepare  : — serum  1  ;  1-:W0  i;entiau  violet  in  OS") 
S.S.S.   (2)  Coagulate  (Mfrl). 

NotM. — ^For  cultivation  of  spirochfetcs. 
M2'57.— (1)  Add    1    c.c.    formalin     to    500    c.c.     horse    serum. 

(2)  .\dd—l  per  cent  ammonia  to  neutralize  to  litmus.  (3)  Prepare: — 
formalinized  scrum  1  ;  D.  \V.  2.  (4)  Sterilize  (S9-6)  15  miu.  at  HOC'. 
(."))  Prepare : — sterilized  formalinized  serum  1  ;  pepsin  digest  agar 
(M3-921)  3. 

Notes. — 'For  primary  cultivation  of  meningococcus. 

M2*58.— (1)  Prepare  :— horse  serum  3  :  D.  W.  1.  (2)  Distribute  in 
rpiantity  to  nearly  fill  T.  T.  (3)  Close  the  T.  T.  with  a  rubber  cork. 
( I)  Heat  1  hr.  at  60C.  in  a  water  bath.  (5)  Heat,  21  hr.  later  1  hr.  at 
70C.  in  a  water  bath.  (6)  Heat,  24  hr.  later  at  70C.  until  tlie  nieiliiiin 
becomes  svrupv.  (7)  Keep  in  the  ice  chest  till  required  for  u.se. 
Notes. — ^FoT  cultivation  of  Bpirochsetes. 

M2'59.'— (1)  Prepare  :— 30  per  cent  glucose  10;  1-100  sulphuric 
acid  3  :  horse  sennn  100.     (2)  Tinge  ^vith  sterile  litmus  .sol.     (S7"783). 

(3)  Pour  into  Petri  dishes.  (4)  Keep  75  min.  at  76  to  78C.  (5)  Decant 
Condensation  water.     (6)  Dry  the  plates  in  the  incubator. 

Notes. — *For  cultivation  of  B.  dipbtherioe. 

M2-6  BLOOD  SERUM  OR  PLASMA:  M2-61.—(l)  Prepare  :— 
horse  serum  1  :  1).  W.  .'..  (2)  Add  0-.")  c.c.  10  jicr  ci-iit  sod.' hydroxide' 
l)erl00c.c.   serum  fluid.     (3)   Sterilize  (S9-6)     in    autoclave    at    n2C. 

(4)  Prepare^  :— sterilized  .serum  fluid  at  80C.3,  1  ;  melted  pepsin  digest 
agar  (M3-9211)  at  80C.,  2.     (5)  Slope. 

Notes.— 'The  addition  of  alkali  permits  of  sterilization  without  roapiilation.  'The 
Kcmm  fluid  may  be  rendered  only  just  alkaline  to  litmus  by  the  addition  of  hydrochlorip 
acid  before  addition  to  the  agar— as  for  example,  when  retjuired  for  the  cultivation  of  B, 
diphtherise,  etc.     'In  onler  to    avoid  precipitation  of  colloid.-. 

M2"62.'—(l)  Prepare  :— Sheep  serum  3:  glucose  05  per  cent; 
pot.  suli)hr)cvanidp  1  per  cent  :  05  ]ier  cent  neutral  red  2  per  cent  ; 
bouillon  1 . 

Notes. — 'For  cultivation  of  B.  diphtheria,  etc. 

M2'63.'— (1)  Prepare  :— Serum  1  ;  T.  W.  2.     (2)  Boil  till  the  serum 
turns  milky.     (3)  Prepare  :-Milky  .serum  fluid   100  ;  pancreatic  extract 
J,  MK  ^* 
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lT51)  15.  (1)  Digest  in  water  })ath  24  hr.  at  COC.  (5)  Filter  tlirough 
paper.  ((>)  Distrilnit.'  in  T.  T.  (7)  Sterilize  (S9-6)  15  min.  at 
120C. 

Notes.— 'For  irnlol  test. 

M2*64.' — (1)  Prepare  :- Finely  minced  ox  heart  1;  D.  W.  1. 
(2)  Heat  the  niixtnre  20  niin.  at  a  temperature  not  exceeding  50C.,  with 
con.stant  stirring.  (3)  Revise  the  temperature  to  boiling  point.  (4)  Boil 
10  min.  (5)  Pour  the  mixture  on  to  a  wet,  thick,  clean  cloth.  (6)  Collect 
the  fluid  which  drains  through  the  cloth  together  with  that  obtained  by 
squeezing  the  meat  in  the  cloth.  (7)  Add  peptone  1  per  cent  ;  di-sod. 
phosphate  1  per  cent;  prepared  agar  (Ml'll)  3  per  cent.  (8)  Steam 
gently  2.',  hr.  to  dissolve  the  agar.  (9)  Allow  to  cool  to  60C'.  (10)  Clarify 
with  white  of  egg    (M5*l).     (11)  Bring  the  vol.  to  its    original  amount. 

(12)  Estimate  and  make  the  reaction  0'6  per  cent  acid  to  phenolphthaiein. 

(13)  Add  to  the  melted  nutrient  agar,  25  per  cent  glucose.  (14)  Steam 
30  min.2  (15)  Distribute  in  quantities  of  4  c.c.  into  T.  T.  (16)  Keep 
till  required  for  u.se  in  the  ice  chest.  (17)  Prepare  sterile  10  c.c.  centri- 
fuge tubes  each  containing  2  c.c.  sterile  2  per  cent  sod.  citrate.  (18)  Have 
in  readiness  corks  or  rubber  bungs,  contained  in  ale,  to  fit  the  centrifuge 
tubes.  (19)  Fill  up  the  centrifuge  tubes  wth  human  blood  sterilely 
aspirated.  (20)  Replace  the  wool  plugs  of  the  centrifuge  tubes  by  corks 
after  burning  off  the  ale.  (21)  Centrifuge.  (22)  Prepare  with  sterile 
precautions  ; — Centrifuged  blood  fluid  at45C.,  75  ;  melted  nutrient  agar 
contained  in  the  T.  T.  at  45C,  4.  (23)  Roll  the  T.  T.  between  the  hands 
to   mix.     (24)  Test   sterility   by  incubating  48   hr. 

Notes. — 'For  cultivation  of  gonococcus.  -It  is  better  to  rely  on  one  .«teaniing  for 
sterilization  than  to  sterilize  by  steaming  on  three  successive  days. 

M2'65.' — (1)  Pour  into  a  Petri  dish  2  percent  simple  watery  sol. 
of  agar.  (2)  Allow  to  solidify  (3)  Pour  on  to  the  surface  of  the  agar 
5  c.c.  senmi  bouillon  (M2*65).     (4)  Coagulate  (M6*l). 

Notes. — 'A  method  of   economising  serum  medium  for  cultivation  of  B.  diphtheriae. 
M2'66. — (1)  Prepare  : — Himian,  ox,  ass,  mule  or    horse  serum  2  ; 
bouillon    1.     (2)    Sterilize  (S9"3)  60  min.    at    57C.    on  two    successive 
day.s. 

M2*67.'— (1)  Prepare  :— Peptone  10  ;  sod.  chloride  9  ;  calc.  chloride 
0-25;  pot.  chloride  0-42;  glucose  25;  meat  extract  (M3-61)  1000,    of 
reaction  0-6  per  cent  acid  to  phenolphthaiein.     (2)  Add  1  c.c.  citrated 
human  plasma  (M2'63)  to  each  5  c.c.  medium. 
Notes, — 'For  cultivation  of  gonococcijs, 
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M2*68.— (1)  I'i"»'P*'"«' :  •-'''''"■"f"""  '^''  **•">"'»  "^'^-  CJ)  Sliakc  to 
mix.  (."5)  Leave  3 »/.  with  occasional  shakin«;.  (i)  Prepare  :  rliloro- 
fornied  senim  3:  glucose  bouillon  (M4*529)  1.  (o)  Distribute  into 
Petri  dishes.  (G)  Heat  6  hr.  at  75C.  (7)  Raise  the  temperature,  24  hr. 
later,  slowly  to  80  (.'.  and  keep  1  hr.  at  this  temperature.  (8)  Sterilize 
fS9'5i  :>!•  mill.  M'    1("H'. 

M2-7  BODY  FLUID.' 

Notts. — H)t!u-r  tliaii   lilodd  and   blood  ."ierum. 

M2-71  BODY  FLUID  :  M2-711.—(l)  Prepare  :--Bo(h  tli.i.l'  1; 
pure  neutral  iilyieriii  1.  {'2)  l^eave  till  stciiie  on  culture  test. 
(^^)  Prepare  : — (.ilycerinated   body  fluid   Ob  ;   nutrient  agar   10(1. 

Notes.' — .\cotic  fluid,  pleuritic  fluid,  hydrocele  fluid,  ovarian  fluid,  mill<,  urine, 
etc. 

M2'712.— (1)  I'rejxire  :— Glycerin -JO  ;  Id  per  cent  .sdd.  liydro.xide 
20;  agar  20;    liody    fluid    [("GO. 

M2-72  ACETIC  FLUID:  M2-721.— (I)  Prepare;  -.Vc-tic  lluid  1  ; 
bouillon'  2.     (2)  Sterilize  (S9"3)  in  the  water  bath  ."Jo  niin.  at  '>i)V.  on  live 
successive  days.     (3)  Test  sterility  before  use  by  incubation  IS  lir. 
Notts. — 'Or  melted   nutrient  agar. 

M2*722. — (1)  Collect  acetic  fluid  with  sterile  precautions.  (2)  Leave 
overnight  to  allow  of  separation  of  clot.  (3)  Add  50  c.c.  N-l  sod. 
hydro.Kide  per  litre.  (4)  Steam  20  niin.  (.5)  Add  1  gnn.  agar  per  litre 
after  making  it  into  a  paste  or  suspension  with  a  little  of  the  alkaline 
acetic  fluid.  (6)  Steam  to  dis.solve  the  agar.  (7)  Filter,  while  hot, 
through  thick,  filter  paper  by  placing  filter  funnel,  stand,  and  receptacle 
for  filtrate  in  the  sterilizer.  (8)  Dis.so]ve  10  grni.  gluco.se'  per  litre  in  the 
hot.  filtered,  nutrient  agar.  (0)  Distribute  into  T.  T.  (10)  Sterilize 
(S9-5). 

Notes. — '.\'ld  glycerin  ."iO  c.c.  per  litre  aleo  if  desired. 

M2'723.— (1)  Prepare  :-Nutrose  1;  acetic  fluid  15;  D.  \V.  35. 
(2)  Raise  slowly  to  boiling  temperature  with  freqvient  shak-ing  to  prevent 
burning.  (3)  Boil  or  .steam  30  min.  (4)  Clarify  (M51)  and  filter 
through  thick,  filter  paper.  (5)  Prepare  :— Filtrate  at  15('.  1;  melted 
nutrient  agar  at  1.5C.,  2.  (6)  Steam  30  min.  (7)  Distribute  into  T.  T. 
(8)  Sterilize. 

M2-724.'  ( 1 )  Prepare  :— Acetic  fluid  at  4.5C.  I  ;  melted  glucose  agar 
(M4'529)  faintly  alkaline  to  litmus  at  4.5C  ,  3. 

Notes — 'For  cultivation  of  meningococcvs. 
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M2"725. — (1)  Prepare  : — Acetic  fluid  10  ;  sterile  defibrinated  sheep 
lilofxl  20  ;  1  grm.  maltose  dissolved  in  bouillon  3  ;  nutrient  agar  60. 

M2'726.' — (1)  Prepare  :— Sterile  acetic  fluid  at  45C.,  7;  sterile 
standard  litmus  sol.  (S7*787)  at  45C,  3  ;  sterile  10  per  cent  sugar  at  45C., 
2;  sterile  N-1  sod.  hvdroxido  at  450.,  0'15  ;  melted  nutrient  agar  at 
450..  21. 

Notes. — ^For  cuUiration  of  meningococcus. 

M2'727. — (1)  Prepare  : — 10  per  cent  sod.  hydroxide'  0-5  :  acetic 
fluid  10.  (2)  Sterilize  (S9*6)  in  autoclave  at  1120.  (3)  Allow  to  cool. 
(1)  Make  faintly  alkaline  to  litmus  \nth  1-15  hydrochloric  acid.  (5)  Ste- 
rilize (S9*6)  in  autoclave  at  1120.  (6)  Prepare  : — Sterilized  acetic  fluid 
at  S00..2  1  ;  melted  pep.sin  digest  agar  (M3'921)  at  800..  2. 

Notes. — 'The  addition  of  the  alkali  permits  of  sterilization  without  coassulation  . 
■  In  order  to  avoid  precipitation  of  colloids. 

M2'728. — (1)  Prepare  :- -Acetic   fluid   1:  bouillon   2. 

M2-73.— URINE  :  M2*731.—(l)  Distribute  into  T.  T  freshly 
passed  urine  diluted  to  S.  G.  1010.     (2)  Sterilize  (SB'S,  9-6). 

M2-732,— (1)  Oollect  urine  fre.sh.  (2)  Boil.  (3)  Filter.  (4)  Ste- 
rilize (S9-5,  9-6). 

M2-74.— PANCREATIC  FLUID:  M2-741.— (1)  Prepare:— 
Pancreatin  2  ;  sod.  chlori.le  5  :  watei-  100.  (2)  Sterilize  (S9*7)  by  filtra- 
tion through  a  porcelain  candle. 

M2-75  BILE.— nV/e  M3'31. 

M2-8  EGG:  M2-81  WHOLE  EGG:  M2-811.— (1)  Olean 
thoroughly  the  eggs  to  be  u.sed.  (2)  Wash  with  5  per  cent  carbolic  acid. 
(3)  Allow  to  dry  partially.  (4)  Heat  the  ends  of  the  eggs  gently  in  the 
flame  to  dry  them.  (5)  Pierce,  with  sterile  precautions,  both  ends. 
(6)  Blow'  the  whole  contents  of  the  eggs  into  a  sterile,  wide-mouthed,  glass 
stoppered  bottle  containing  glass  beads.  (7)  Add^  1  vol.  0-85  S.  S.  S.  for 
each  3  vol.  egg  contents.  (8)  Shake  well  to  mix.  (9)  Strain^  through 
cloth.  (10)  Distribute  into  T.  T.  (11)  Ooagulate  (M6-11).  (12)  Fill 
into  each  T.  T.  0-85  S.  S.  S.  to  cover  the  medium.  (13)  Sterihze*  (S9'6) 
in  autoclave.     (14)  Pour  off  the  salt  sol.  at  the  time  of  use.    • 

Notes. — 'The  eggs  may  be  carefully  broken  and  the  contents  allowed  to  fall  into 
the  bottle.  'If  desired  3'75  c.c.  N-1  sod.  hydroxide  per  100  c.c.  egg  mixture  may  be 
added  and  also  1  per  cent  glucose  at  this  stage.  ''Add  at  this  stage,  it  desired,  some 
drops  of  ale.  basic  fuchsiu  to  give  a  slight  pink  colour  to  the  medium.  'It  is  very  usual 
to  dispense  with  the  addition  of  salt  sol.  and  subsequent  .sterilization.  In  that  case 
sterility  should  be  tested  before  use  by  incubation  for  48  hr, 
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M2'812. — (1)  Make  uito  a  suspension  tlie  whole  eonleiits  of  one  ejij; 
with  12  c.r.  ghicose  bouillon  (M4*529).     (2)  Place  the  suspension  in  T.  T. 

(3)  Coagulate  (M6-1).  (4)  Sterilize  (S9-5)  20  min.  at  lOOC.  3  rf.  21  hr. 
after  completion  of  coagulation.     (5)  Test  sterility  before  use.' 

Notrs. — 'Use  for  anmrobic  culture  and  for  isolation  of  B.  diphtlieriop.  Add  1  c.c. 
gljccrin  to  each  T  .T.  before  final  sterilization  to  convert  into  a  medium  suitable  for  cul- 
tivation of  B.  tuberculosis.  The  addition  of  a  few  drops  of  1  per  cent  neutral  r«d  gives 
a  colour  to  the  medium  which  serves  to  show  up  colonics,  and  serves  as  an  indicator  of  the 
production  of  acid. 

H2*813.' — (1)  Add  the  contents  oi  one  egg  to  300  c.c.  water. 
(2)  Shak-J  to  mix.  (3)  Raise  the  temperature  slowly  to  boiling  point  with 
frequent  shaking.     (4)  Distribute  into  T.  T.     (.5)  Sterilize  (S9-5). 

Notes. — 'For  cultivation  anserobically  of  wound  organisms. 

M2-814.— (1)  Placp  whole  eggs  in  ION  .sod.'  hydroxide  for  10  (^ 
Remove  the  shells.  (3)  Cut  the  eggs  into  fine  slices.  (4)  Wash  for  2  hr. 
in  running  water.  (.5)  Steam  60  min.  (6)  Transfer  each  slice  of  egg 
by  means  of  sterile  forceps  to  a  sterile  Petri  dish.  (8)  Sterilize  20  min. 
at    KKi  C.    3   d. 

Notes. — 'The  egg  white  is  solidified. 

M2"815.— (1)  Prepare  :— 0  per  cent  glyccrinatcil  0-85  S.  S.  S.  1  ; 
beaten  up  egg  3.     (2)  Coagidate  (M6*l). 

M2*816. — (1)  Use  a  thorouglJy  fresh  egg.  (2)  Shake  vigorously 
to   mix  the  contents.     (3)  Wash  the  shell  in  1-1U0(J  mercury  bichloride. 

(4)  Dry  with  sterile  filter  jwper.  (-5)  Flame  the  narrow  end  until  the 
shell  blackens.  (G)  Make  a  hole  in  this  end  with  a  sterile  metal  point. 
(7)  S<jw  through  the  hole  with  a  platmum  needle  or  a  pipette.  (8)  Close 
the  whole  with  melted  seaUng  wax.  (9)  Coat  the  egg  with  a  layer  of 
collodion. 

M2*817.— (1)  Boil  au  egg  hard.     (2)  Remove    the    shell.     {■'>)  Cut 
up  the  egg  into  pieces.     (4)  Place  in  Petri  dishes.     {"))  Sterilize  at  I  IOC. 
M2'818. — (1)    Beat    up     the     contents     of      several      fresh     eggs. 

(2)  Prepare  : — Beaten  up  egg  3  ;  hoi-se  heart  tryp.sin  digest  (M4*713j  I. 

(3)  Filter  through  muslin.  (4)  Distribute  into  T.  T.  (-5)  Coagulate 
(M6'I). 

M2*819.— (1)  Miuco  finely  beef  or  veal.  (2)  Add  Ono  grm.  lo  5(.MJ  c.c. 
l.j  jjcr  <ent  glycerin.  (3)  Leave  to  extract  21  hr.  (1)  Colli-ct  all  the 
fluid  inclufling  that  obtained  by  squeezing  the  meat-glycerinat<jd  meat 
juice.  (5)  Sterilize  the  outer  surface  of  eggs  by  placing  them  lor  10  min. 
in  70  per  cent  ale.  or  by  pouring  boiling   water  over   them.    (6)  Break 
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the  eggs  into  a  .sterile  beaker  and  mix.  (7)  Filter  the  egg  mixture 
through  Sterile  gauze.  (8)  Prepare  glycerinated  meat  juice  1  ;  1  per 
cent  ale.  gentian  violet  0-03  ;  egg  mixture  2.  (9)  Distribute  into  T.  T. 
(10)  Coagulate  (M61).  (11)  Heat,  24  hr.  after  coagulation  for  60  miu. 
at  75C.  on  two  successive  days. 

M2-82— WHOLE  EGG  :  M2-821.— (1)  Prepare  egg  stock  sol  :— 
\\\{\\K'.  Ill  2  egg.s  ;  yolk  of  one  egg  ;  N-1  sod.  hydroxide  6  c.c.  (2)  j\lix. 
(o)  Add  water  500  c.c.  (4)  Heat  very  slowly  to  90C.  (5)  Distribute 
into  llasks.  (6)  Sterilize  in  the  autoclave.  (7)  Prepare  at  the  time  of 
use,  with  sterile  precautions  : — egg  stock  sol.  at  R.  T.  1  ;  bouillon  at  R. 
T.  1,  or  egg  stock  sol.  at  45C.,  1  ;  melted  nutrient  agar  at45C.,  10. 

M2'822.' — (1)  Prepare-  egg  stock  sol.  : — White  of  2  eggs  ;  yolk  of  one 
egg ;    N-1    sod.    hydroxide   6   c.c.      (2)   Mix.      (3)  Add  water  .500  c.c. 

(4)  Heat  very  slowly  to  95C.  (5)  Keep  at  95C.  GO  min.  (6)  Filter  through 
cotton  wool.  (7)  Distribute  into  flasks.  (8)  Sterilize  in  autoclave. 
(9)  Prepare  at  the  time  of  use  with  sterile  precautions  : — Egg  stock  sol. 
at  R.  T.  1  ;  bouillon  at  K.  T.  5,  or  egg  stock  .sol.  at  45C.,  1  ;  melted 
nutrient  agar  at  4.5C.,  10. 

Notes. — ^Alkaline  egg  medium.  -A  clearer  mcUiiim  is  obtaiiieci  by  iisiug  wliite  oi 
2  c-jgs  ;  N-1  sod.  hydroxide  i ;  water  330. 

M2'823.* — (1)  Mix  the  contents  of  one  egg  with  an  equal  quantity  of 
water.  (2)  Add  to  the  mixture  an  equal  amount,  of  6'5  per  cent  anhydrous 
sod.  carbonate.     (3)  Sterilize    iS9'5)    1  hr.  at  lOOC.     (4)  Keep^  as  stock. 

(5)  Add  1  \o\.  of  the  stock  mixture  to  9  vol.  ordinary  peptone   water 

(M4-12).     (6)  Distribute  into  T.  T.  or  fla.sks.     (7)  Sterilize  (S9-5). 

Notes. — ^A  medium  equally,  or  more,  selective  for  V.  cholera;  than  pejitoue  water. 
Will  kcci)  several  weeks. 

M2-824.'— (1)  Proceed  as  in  steps  (1)  to  (4)  of  M2-823.  (2)  Add 
1  vol.  of  the  stock  mixture  to  .5  vol.  neutral  1  per  cent  cane    sugar  agar. 

(3)  Add  to  the  mixture  while  melted  1  per  cent  freshly  prepared  O'S  per 
cent  neutral  red.     (4)  Slope  or  jiour  on  plates. 

Notes.— ^For  the  isolation  of  V.  cholerse.  The  medium  has  au  orange  tint  and  the 
colonies  of  V.  cholcros  have  a  deep  red  centre. 

M2-83  WHITE  OF  EGG:  M2-831.—(l)  Proceed  as  in  steps  (1) 
to  (6)  of  M2*816  (2)  Aspirate  the  white  of  the  egg  into  a  sterile 
l.ippttp.  (  3)  Distribute  into  T.   T.     (4)  Coagulate   (M6-1). 

M2-84  YOLK  OF  EGG  :  M2-841.— (1)  Wash 'the  eggs  with  hot 
soap   and   water.     (2)   Dip   into  ale.     (3)  Allow    the   ale.   to   drain    off. 

(4)  Set  fire  to  the  ale.  wetting  the  eggs.     (-5)  Make  a   hole  in  the  shell  with 
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a  sterilt^  inftal  iustiiimciit.  (0)  Allow  the  wliite  to  run  off.  (7)  Mix 
together  the  yolk  of  6  e^gs.  (8)  Add  100  c.c.  bouillon  neutral  to  litmus 
and  containing  1  per  cent  glucose'  or  5  per  cent  glycerin. ^  (9)  Shake 
to  mi.\-.     (10)  Distribute  into  T.  T.     (11)  Coagulate  (MS'l). 

Notes. — 'For  cultivation  of  ft.  di|ihtl;eiia?.     -For  cultivatimi  B.  tiiborciilosi!'. 

M29  FATS,  FATTY  ACIDS,  SALTS  0^  FATTY  ACIDS,  OIL: 
M2-91  OIL:  M2-911'  SPERM  OIL.  (1)  Add  T)  ]ht  c-nt  spomi  oil 
to  beaten  up  and  filtered  egg  medium  (M2*811).  (2)  Add  glycerinatetl 
0"85  S.  S.  S.  to  give  5  percent  of  glycerin.  (3)  Shake  the  mixture  in  a 
bowl  of  hot  water  with  a  Bunsen  burner  underneath,  to  melt  the  wax. 
(4)  Distribute  into  T.  T.  and  keep  in  a  bowl  of  hot  water  to  prevent  the 
wax  separating  out.  (5)  Shake  to  mix.  (6)  Place  low  down  in  the 
steamer  and  steam  4  min.  to  coagulate  the  egg.  (7)  Sterilize  bv  placing 
high  tip  in  the  steamer  for  1  hr.  on  three  successive  days. 

Notes. — 'For  cultivatimi  of   R.  tuberculosis. 

M2  912  OLIVE  0IL.~(1)  Proceed  as  for  sperm  oil  (M2-911). 
M2-92  OLEIC   ACID:    M2-921.'—(l)  Prepare  :— Glycerin  2  ;  oleic 
acid  0- 1  :  melted  nutrient  agar  neutral  to  phenolphthalein  100. 
Notes. — 'For  cultivation  of  B.  acnes. 

M2'922.' — (1)  Prepare  : — Sterile  oleic  acid  2  ;  sterile  acetic  fluid 
20 ;  sterile  1  per  cent  neutral  red  0'8  ;  sterile  nutrient  agar  100. 
(2)  Test  sterility. 

Notes. — 'For  cultivation  of  B.  acnes. 

M2*923.— (1)  Prepare  : — Oleic  acid  1  :  glycerin  2  ;  melted  nutrient 
agar    Hmi. 

M2-93  OLEATE:  M2-931.'—(l)  Prepare  :  Sterile  2  per  cent 
neutral  sod.  oleate  at  ISC,  5  ;  .sterile  washed  human  erythrocytes  at  45C., 
1  ;  melted  nutrient  agar  0'4  per  cent  acid  to  phenolphthalein.  at 
15C.,  9.5. 

Notes. -']•■.. r  rultiv.ili.Ml  t.f   li.   ,n\U,<-n/.:,: 

3  MEDIA  PREPARATION  AND  COMPOSITION  :  M3'l 
GLYCERIN'  :    M3-11  BOUILLON,    PEPTONE.  AGAR  :     M3-111.- 

(1)  Pnp ire  :— Glycerin  ■">  ;   bouillon  Hhi. 
Notes. — 'Convert  into  glycerin  agar  if  rccjuircd. 

M3'I12.— (1)  Prepare  :^(;iycerin  Id;  N-l  sod.  hydroxide  3; 
nutrient    agar'    m7. 

Notes.— >Kor  cultivation  of  \'.  tl.olr-ra-.  'Maj  l«-  r«  i.la..<l  l\  •-'  per  iml  jxitoDf 
water  (M4-  2). 
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M3-2  INDICATOR.' 

Notes. — 'c.    alsd  Miaar  media  (M4'5)  aiiil  inhibitory  substance  (M3"3)  media. 
M3*21  LITMUS:     M3*211.— (1)  Add  sufficient  sterile  litimis  sol. 
(S7'783)  to  tint  the  medium  a  dark  lavender  rolour. 

]VI3-212.~(1)  Add  sat.  litmus  sol.  (S7-786)  to  give'  a  distinct 
Mue  colour. 

Notes. — ^Tlic  litmus  sol.  must  not  be  so  alkaline  as  to  alter  apijreoiably  the  reaction 
of  the  medium. 

M3-22  ROSOLIC  ACID.' 

Notes. — 'Coralline. 

M3'221. — (1)  Prepaie  :  -Rosolic  acid  indicator  sol.'  2;  peptone 
water  (M4'12)  100.  (2)  Steam  30  min.  (3)  Filter  through  thick,  filter 
paper.     (4)  Distribute  in  T.  T.     (.5)  Sterilize. 

Notes. — '05   per  cent  rosolic  acid  in  80  per  cent  ale. 

M3-23  CHINA  BLUE  :  M3-231  CHINA  BLUE-ROSOLIC  ACID  — 

(I)  Frepaie  : — China    blue  O'02.'5  ;    rosolic  acid   or  its   sodium  salt  0'05  ; 
nutiient  medium  1000. 

M3'232.' — (1)  Prepare  :  -Peptone  5  grm.  ;  di-jjot.  phosphate 
1  grm. ;  agar  15  grm.  D.  W.  1000  c.c.  (2)  Add  to  each  100  c.c.  melted 
medium  before  using  : — 20  per  cent  lactose  5  c.c.  ;  5  j^er  cent  glucose 
1  c.c.  ;  1  i)er  cent  alc^  rosolic  acid  1  c.c. ;  0'5  per  cent  china  blue 
1  c.c. 

Notes. — 'For  isolation  of  B.  djsenteriic.  The  p  H  value  of  this  medium,  which 
requires  no  adjustment  and  docs  not  need  to  be  filtered  when  used  on  plates,  is  7*4  to  7' 5. 
*90  per  cent  ale. 

M3-233  CHINA     BLUE  PHENOL    RED.'-(l)  Prepare  :~C'hina 
blue  0-02-j  ;  phenol  red  0-()l  ;   nutrient   medium  1000. 
Notes. — 'Phenol    sulphone   plithaU-in. 

M3-24  BROM    CRESOL     PURPLE:     M3-241.     (1)   J'rtparc  :— 
Uiom  i.iesol  puqilc  iudiratm  -wl.'      (S7"779j  1  ;  nutrieut  medium  lOdO. 
Notes. — '10   per  cent  broni  iicsol  purple  in  'Jo  per  cent  ale. 

M3'242.— (1)  Piepaic  :  -lirom  cie.sol  purple  indicator  sol.'  ■!  ; 
nutrient   medium    100. 

Notes.— 'To  prepare.  Dissolve  the  brom  orcsol  purple  in  a  minimum  amount  of 
ale.  Make  up  to  0-Ot  pur  cent  with  water.  TUc  colour  given  to  the  medium 
disappears  at  i)H  =  5  which  is  considerably  below  the  curdling  point  of  milk. 

M3*243.— (1)  Add  brom  cresol  purple  indicator  sol.  (S7*779)  to 
milk  to  give  the  medium  a  distinct  colour. 
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M3-244      BROM      CRESOL      PURPLE-CRESOL      RED.-(l) 

I'rcpare  :  -Broiu    iiosdI    piirplo-cresol    red    iiuliciitoi'   sol'     1  ,    nutriiMit 
meiliiiiu  1000. 

Notes. — 'I'G  per  cent  hroiu  orcsol  purple  in  95  per  ceut  ale.  O-o  ;  1-0  per  cent  creaol 
red  iu  95  per  cent  ale.  Oo.  This  compound  indicator  gives  a  wide  rangn  nU  =  8  to 
pH  =5. 

M3-25  CRESOL  RED:  M3-25I.— (1)  Pieixue  :  Ciesol  ml  imli- 
cator  .sol.'   1  :  luitrieut   iiiediuiu   U)0(>. 

Notes. — '1"6  per  cent  cresol  red  in  95  per  cent  ale. 

M3-26  NEUTRAL  RED:  M3-261.—(l)  Prepare  :  Sugar  5 ; 
1   ])er  cent    neutral  red  •")  :  nutrient   medium  1000. 

M3-27  CALC.  CARBONATE.— (1)  Add  to  melted  neutral  jilueose' 
agar  sutticient  sterilized  preii|)itated  chalk  to  render  the  medium  white 
and  oiKique.- 

NotaS. — 'Or  other  su-iar.  ^Organisms  which  ferment  the  sugar  produce  acids,  and 
make  the  nicdiiiin  clear. 

M3'3  INHIBITORY  SUBSTANCE.' 

Notes. — '^Most  of  these  inhibit  the  growth  of  organisms  but  dillcrcnliallv,  and  thus 
the  media  arc  known  as  "'selective    '  7iicdia. 

M3'31   BILE  AND  BILE  SALTS,' 

Notes. — 'l'"or  diffcreutiat.ou  typhoid  group  orgauisms  before  further  sowing. 
M3'311. — (1)  Procure  ligatured  gall  bladders  (ox)  from  the  .slaughler- 
iiouse.  (1)  Puncture  the  bottom  of  the  gall  bladder  with  a  knife.  (3) 
Collect  the  bile.  (4)  Reject  any  bile  which  show.s  turbiditv.  (.5)  Di.s- 
tributc  iu  T.  T.  or  small  bottles'  in  ipiantities  of  5  to  10  c.c.  (0)  Steri- 
lize  in   autoclave. 

Notes. — 'Rubber  caps  may  be  used  to  replace  the  cotton  wool  plug  in  these  bottles 
and  the  medium  may  then  be  sent  out  for  inoculation  with  test  blood. 

M3'312.— (1)  Procure  clear  bile  from  the  slaughterhouse.  (■>)  Add 
1  grin,  peptone  and  1  grm.  glucose  per  100  c.c.  bile.  (.'!)  Steam  15  min. 
(1)  Filter,  while  hot.  through  well-wetted,  thick,  filler  jiajier.  (•"))  Dis- 
tribute  into  T.   T.     (<i)  Sterilize   in  autoclave. 

M3'313.— (1)  Prepare  :— Peptone   1;  glyceriu   1;   ox   bile   I<i. 

M3'314. — (1)  Prepare: — Sod.  taurocholate  10  ;  glucose  10  ;  peptone 
40  ;  litmus  .sol.  to  colour  the  medium  a  deep  purple  red ;  D.  W.  1000. 

M3'315. — (1)  Prepare: — Sod.  taurocholate  5;  aesculin  1;  ferric 
citrate  Oo  ;  iK-ptone  10  ;  agar  10  ;  D.  \V.  1000. 

M3'316. — (1)  Prepare: — Peptoue  20grm.;  sod.  taurocholate  5 grm. 
T.  W.  1000  c.c.  and  make  faintly  alkaline  to  litmus.  (2)  Steam  45  min  ; 
(3)  Add  15  grm.  powdered  agar,  making  it  into  a  paste  or  suspension, 
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before  addition,  with  a  little  of  the  taurocholate  peptone  sol.  (i)  Steam 
gently  2i  hr.  to  bring  the  agar  thoroughly  into  solution.  (5)  Bring 
the  volume  uj)  to  1000  c.c.  by  the  addition  of  water.  (6)  Cool  to  60C., 
clarify  and  filter  (MS'l).  (7)  Dissolve  10  grm.  lactose^  in  15  c.c.  sterile 
water  and  steam  l.j  niin.  (S)  Add  the  lactose  sol.  to  the  hot,  clear,  nutri- 
ent agar.  (9)  Add  5  c.c.  freshly  prepared  sterile  I  per  cent,  neutral 
red2  by  means  of  a  sterile  pipette.  (10)  Distribute  the  resulting  agar, 
which  is  deep  red,  into  flasks  or  T.  T.     (11)  Steam  25  min. 

Notes.— 'Or  other  sugar  if  desired.  ^Litmus  sol.  may  be  used,  especially  iu  the 
case  of  the  fluid  medium. 

M  3'317.— (1)  Prepare  :  -Peptone  1  ;  glycerin  I  ;  sod.  taurocholate 
2-5  ;   water   100. 

M3-32  CARBOLIC  ACID:  M3-3ai.—(l)  Prepare:— Strong 
hvdiochloric  acid  1  ;  5  per  cent  carbolic  acid  100,  (2)  Leave  3  d. 
(3)  Add  with  a  sterile  pipette  in  quantities  of  O'l,  02,  and  OS  c.c.  to 
T.  T.  containing  10  c.c.  sterile  bouillon.  (4)  Test  sterility  before  use 
by  incubation   -18  hr. 

M3'322. — (1)  Prepue:  -Pure  carbolic  acid  1  to  5  ;  bouillon  1000. 
(2)  Sterilize. 

M3"323.— (1)  Prepare  :  -  Peptone  30  ;  agar  20  ;  5  per  cent  carbolic 
acid'  0^05  :  water  IdOO.  made  faintly  alkaline  to  litmus. 

Notes. — 'Add  to  the  sterilized  and  melted  agar  medium  just  before  use. 

M3"324.— (l)'Prepare  :— Peptone  30;  lactose  20  ;  agar  20;  sterile 
litmus  sol.'  (S7*7?3)  100  ;  5  per  cent  carbolic  acid'  O'OS  ;  water  1000 
made  faintly  alkaline  to  litmus. 

Notes.— 'Add  to  the  sterilized  and  melted  sugar  agar  medium  just  before  use. 

M3-33  CRYSTAL  VIOLET  :  M3-331.-(l)  Mince  finely  fat-free 
beef.  (2)  Add  1500  grm.  to  2000  c.c.  water.  (3)  Heat  the  mixture 
20  min.  at  a  temperature  not  exceeding  50C.  over  a  free  flame.  (4)  Skim 
off  fat  floating  on  the  surface.  (5)  Raise  the  temperature  to  boiling 
point.  (6)  Boil  10  min.  (7)  Pour  the  meat  and  fluid  on  to  a  wet.  thick, 
clean  cloth.  (7)  Collect  the  fluid  which  drains  through  the  cloth  together 
with  that  obtained  by  squeezing  the  meat  in  the  cloth.  (8)  Filter  the 
fluid  collected  through  thick,  well-wetted,  filter  paper.  (9)  Add  to  the 
filtrate,  peptone  20  grm.  ;  nutrose  20  grm,  ;  sod,  chloride  10  grm.  and 
see  that  the  mixture  is  alkaline  to  litmus.  (10)  Steam  45  min.  (11)  Add 
\iO  grm.  prepared  fibre  agar  (Ml'll).  (12)  Steam  gently  2|  hr.  or  heat 
45  min.  at  118C.  to  bring  the  agar  thoroughly  into  sol.  (13)  Make  faintlj- 
alkaline  to  litmus.     (14)  Filter,  while   hot,    through  well-wetted,  thick, 


II'.  /•'.  Harvey.  91 

tilter  paper  by  placiug  filter  fiiuael,  stand,  and  receptacle  for  filtrate 
in  the  steam  sterilizer  and  steaming  until  filtration  is  completed.  (15) 
Boil  3lX)  c.c.  litmus  sol.  (S7'783)  10  min.  and  dissolve  in  it  30  grm. 
chemically  pure  lactose.  (16)  Boil  the  lactose  litmus  sol.  1-j  min. 
(17)  .Mi.x  hot  lactose  litmus  sol.  and  the  melted  nutrose  agar.  (18)  Make 
faintly  alkaline,'  if  uece-ssary.  by  the  addition  of  10  {)er  cent  sod.  hydro.xide. 
(19)  Add  4  c.c.  hot  10  per  cent  sod.  hydroxide  and  20  c.c.  hot  sterile  0"  1 
per  cent  chemically  pure  crystal  violet.  (20)  Distribute  in  flasks. 
(21)  Pour  large  plates  for  use,  with  a  layer  of  medium  about  t  mm. 
thick.  (22)  Place  the  plates  so  made,  in  the  inverted  position^  in  the 
incubator  without  their  covers  and  resting  on  a  sujjport. 

Notes. — 'Until  the  red  foam  develo]>ed  in  shaking  becomes  violet  blue.  -To  allow 
the  surface  of  the  medium  to  dry.  The  support  used  m.iy  be  the  Petri  plate 
cover. 

M3-34  BRILLIANT  GREEN.' 

Notes. — 'IJnIliant  ^roeu  sulphate  crystals,  ziuc-free. 

M3'341. — (1)  Prepare: — Sod.  taurocholate  .5;  peptone  30;  sod. 
chloride  .j  ;  lactose  10  ;  powdered  agar  30  ;  1-1000  brilliant  green  20. 
1  per  cent  picric  acid  20  ;  water  1000  of  reaction  15  per  cent  acid  to 
pheuolphtlialein. 

M3'342.—(l)  Prepare  :— 0-1  per  cent  brilliant  green  10;  1  percent 
jiicric  acid   10  ;  lentco  nutrient  agar  1500. 

M3-343.'— (1)  Prepare  :— Peptone  water  (M4-12)  5;  1-lOUOO 
brilliant   green  025. 

Notes. — 'L'-ed  as  a  selective  medium  for  the  typhoid  group  iK-fore  further  sowing. 

M3-344.— (1)  Add  0-1,  02,  03.5,  05  and  0-7  c.c.  l-l(MKi(i  fresjily 
Ijrejwred  brilliant  green  to  a  series  of  T.  T.  containing  10  c.c.  pej)tone 
water  of  reaction  pH  72.  (2)  Add  also  02  c.c.  1- 1000  telluric  acid'  to 
each  T.  T. 

Notes. — 'To  -n|i].ri--  iiiM~iti-  fcrnu iiter-i. 

M3-35  MALACHITE  GREEN:  M3-351.— (I)  Prepare  :— Glucose 
10:  1-10(J()  malachite  green  16  to  25;  nutrient  agar  KXKJ  of  reaction  OSJ 
per  cent  acid  t<^  phenolphthalein. 

M3'352. — (1)  Prepare:  Peptone  20;  lactose  .50;  glucose  10; 
nutrose  I'l  :  2  per  cent  cheniicallv  pure  malacliifi'  "iiTn  Id:  N'-l  mA. 
hydroxide  15:  I).   \V.    |(«Ki. 

M3-353.— (1)  Prepare:  -.Malachite  green    I  ;   \«<n\\\«u  jikm). 

Notes. — 'L'sed  as  a  «-lective  modiuui  iu  difk-rentiati'w  of  the  typbo-ooli  i{ton|>i 
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M3-36  CHINA  GREEN:  M3-361.—(l)  Prepare  :— 1-500  CHna 
green  15  ;  uutrieut  agar  1000  ol  reaction  1-3  per  cent  acid  to  phenol- 
phthalein. 

]VI3'362,—(1)  Prepare  :— 0-2  i)er  cent  china  green  15;  bouillon 
10(10. 

M3-37  CAFFEINE  :  M3-371.'—(l)  Prepare  :—l  per  cent  catteine 
1  :  nutrient  niodiuni  faintly  but  permanently  alkaline  to  pbenolphtlia- 
lein    1. 

Notes. — ^^Used  as  a  selective  medium  in  tlie  differentiation  of  the  typlio-coli  group 
before   further  sowing. 

M3*372.'— (1)  Prepare -.—Lactose^  5;  G  per  cent  cafieine  110; 
lilnuis  sol.-  (S7'783)  60;  agar  50;  bouillon  containing  6  percent 
peptone  and  neutral  to  litmus,  1000. 

Notes. — 'For  difiereutiation  of  the  typho-coli  group,  ^^cjjp^i  to  the  hot  sterilized 
nutrient  agar. 

M3'373.— (1)  Pi'ep^re  :  -10  per  cent  catt'einc  33  ;  Endo  medium 
(1V13'412)    1000. 

M3-38  EOSIN-METHYLENE  BLUE  :  M3'381.'— (1)  Prepare  aud 
^t.Miliz>:  Pcptonr  10;  di-pot.  phosphate  'l  :  agar  15;  D.  W.  1000. 
(J)  Ad  1,  just  before  use  : — sterile  20  jjer  cent  lactose  50  ;  sterile  2  per 
cent  \cllo\v  eosin  20  ;  sterile  2  per  cent  methylene  blue  20. 

Notes. — *i"or  cultivatiou  of  coli-a;rogeues  group.  15.  jerogenes  is  the  prevailing 
coliform  or"anism  in  soil  and  on  grain.  The  medium  require.s  iio  ad j ustment  of 
reaetiou. 

M3-39    TELLURIC     ACID:     M3-391.'—{1)  Prepare ;— Sterilized 
sheep  serum  at  15L".,  -50  ;  sterile  1  per  cent  telluric  acid  at  45C.,  9  ;  melted 
nutrient  agar  neutral  to  litmus  at  450.,  1000. 
|i|0tej. — lA  selective  medium  for  15.  diphtheriie. 

M3-4  INHIBITORY  SUBSTANCE:     M3-41    SOD.   SULPHITE. 

M3  4'll. — (1)  Prep -I  re  :- Lactose  10;  uutrieut  agar  1000  with 
reaction  05  i)er  cent  alkaline  to  pheuolphthaleiu.  (2)  Filter.  (3)  Add 
ale.  fuchsin'  5.  (!)  Mix.  (5)  Add  10  per  cent  freshly  prei)ared 
sod.  sulphite  25.     (G)  Storili/.c. 

f^oteS. — i(i)  Prepare  : — Basic  fuchsin  1  ;  abs.  ale.  20.  (ii)  Allow  to  stand  24  Iir. 
(ill)  (.Vntrifugalixe.     (iv)  Use  t!ie  S.  N.  l'\ 

M3'4'12.' — (1)  Prepare  : — 10  per  cent  crystalHne  sod.  bicarbonate 
10  ;  nutrient  agar  neutral  to  litmus,  1000.  (2)  Add  ; — Chemically  pure 
lactose  10  ;  filtered  ale.  fuchsin,^  5.     (3)  Add  10  per  cent  freshly  prepared 
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crystalline    sod.    sulphite  25.     (4)    Distribute  into  T.    T.    or    Hiisks. 
(5)Sterilizo5  .^t    115C.     (fi)  Keep   in   the   dark  tillu.se. 

Notes.— 'For  ditlcrcutiatiou  of  tlie  typho-coli  group  organisms.  H'rcparr  : — (i)  basic 
furluiii  1 ;  abs.  alo.  20.  (ii)  Allow  to  istaiid  24  hr.  (iii)  Coutrifugalizc.  (iv)  U?o  tho 
S.N.F.  A  filtered  sat.  ale.  f  uchsin  iu  the  same  or  half  the  riuautity  will  serve  the  purpose. 
'With  sterilization  the  decolourization  effected  bj-  the  sod.  sulphite  i.o  completed. 

M3"413.' — (1)  Prepare  : — 10  per  cent  anhydrous  sod.  carbonate  ;V7  ; 
luitrient  agar  0-5  per  cent  acid  to  ])henolphtlialein.  (2)  Prei)are  No.  I 
.sol.  :— lacto.se  2  grni.  ;  D.  \V.  2-5  c.c.  (3)  Prepare  No.  2  sol.  fresh  : — 
anhydrous  sod.  sulphite  05  grm.  ;  sat.  ale.  basic  fuchsin  1  c.c.  :  D.  W. 
10  c.c.  (I)  Add  No.  2  sol.  to  No.  1  sol.  and  the  mixture  of  the  two  to 
200  c.c.  already  prepared  alkaline  nutrient  agar.  (5)  Prepare  plates 
inunediately.  (fi)  Dry  the  surface  of  tlie  medium  for  1.")  min.  in  tin- 
incubator. 

Notes. — 'An  Eado  medium  for  cultivation  of  B.  coli  in  tho  examination  of  water. 

M3"414.' — ;i)  Prepare  :  — Pe])tone  10  :  di-pot.  ])hospliate  ;V5  :  agar 
20  :  1).  \V.  lOtMt  without  any  adjustment  of  reaction  orfiltration.  (2)  Add 
to  the  melted  peptone  agar :— 20  per  cent  lactose  .50  ;  10  ])er  cent  ale. 
basic  fuchsin  5;  freshly  prepared  10  per  cent  .sod.  sulphite  25.  (3) 
Pour  plate.s.  (4)  Allow  to  harden  in  tlio  incubator  wtli  the  agar  surface 
dovniwards.     (5)  Keep   in    the   dark. 

Notes. — 'A  rapid  method  of  preparation  of  Endo  medium. 
M3'415.' — (1)  Prepare  the  solutions  : -10  per  cent  anhydrous  .s(k1. 
carbonate.  20  per  cent  .saccharose,  and  20  per  cent  de.vtrin.  (2)  Steri- 
ii,:e  the.se  solutions.  (.3)  Prepare  the  .solutions  : -Sat.  ale.  fuchsin  and 
10  jjcr  cent  sod.  sulphite.-  (t)  Sterilize  tlie.se  .solutions  once  at  ItKK'. 
(5)  Prepare  : — 10  per  cent  anlij'drous  .sod.  carbonate  at  4.5('.,  fl ;  melted 
nutrient  agar  at  45C.,  100.  (6)  Steam^  15  niin.  (7)  Add.  to  the  alkaline 
agar  while  hot : — Sterile  20  per  cent  saccharose  5 ;  .sterile  20  per  cent 
dextrin  5 ;  sterile  .sat.  ale.  fuchsin  0'25  ;  sterile  10  per  cent  .sod.  sul|)hitc 
25.  (8)  Place  the  flasks  in  a  sloping  position  to  allow  the  precipitate 
fornie<l  to  settle.  (9)  Pour  plates  carefully,  avoiding  as  far  as  jw.s.'-ible 
the  tran.sference  of  settled  preci])itate.  (10)  Place  the  ])lates  to  dry  in 
the  incubator  with  their  agar  surface  downwanls.  (II)  P re.se n-e  in  the 
dark  for  .3  (/.  before  u.se. 

Notes.—- 'For  cultivation  of  V.  cholene,  by  direct  plating  of  test  nmteriul.  Thif 
Bolution  Aoc  not  keep  and  must  be  prepareil  fresh  as  refpiired.  'The  ma-n  liecomes  of  a 
riark  brown  colour  and  verj-  cloudy. 

M3-42SOD.  SALICYLATE:  M3-421.'  d)  Pr.pare :  SmI.  sili- 
cvlate  1  ;  nutrient  agar  100. 

^For  cultivation  of  moulds  and  torulie  to  the  e.Tclusion  of  baeterja. 
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M3-5     MEAT:     M3-51.'     (I)  ALKALINE     MEAT     (1)  Cut    up 

TidO  i/rin.  fiit-l'ice  ox  (ir  horse  licait.  Cl)  Add  water  to  just  cover  the 
meat.  (:5)  Cook  thoroughly  and  slowly  in  ;i  elose<l  vessel  over  a  small 
fl.ime.  (4)  Pour  off  the  liquid  jjortiou  into  a  betdcer.  (5)  Mince  the 
solid  residue  verv  finelv.  (<))  Add  the  minced  residue  to  the  liquid  in 
the  beaker.  (7)  Bring  up  the  weight  of  the  contents  of  the  beaker  to 
1000  grm.  (8)  Break  down  any  small  lumps  of  meat  between  the  fingers. 
(9)  Make  faintly  alkaUne  to  litmus.  (10)  Distribute  into  T.  T. 
(11)  Cover  with  a  layer  of  paraffin.     (12)  Sterilize  4.'5  niin.  at   HOC. 

Notes. — 'For  cultivation  of  nnacrobps. 

M3'52. — (1)    Make   finely   minced   fat-free  beef     faintly  alkaline   to 
litnuis.     (2)  Sterilize   in   T.   T. 
M3-6  MEAT  EXTRACT.' 

Notes. — 'The  basis  usr-tl  in  tlio  prf])iiratiiiii  of  most  nutrient  mclia. 

M3"61. — (1)  Proceed  as  in  the  pre])aration  of  bouillon  (M2*lll) 
through  steps  (1)  to  (7).  (2)  .Add  soil,  chloride'  5  grm.  to  the  filtrate. 
(?,)  Steam  45  min.  (I)  Brinj;  the  vol.  up  to  1000  c.c.  by  the  addition  of 
water.  (5)  Estimate  and  adjust  the  reaction.  ((3)  Steam  30  min. 
(7)  Filter,  while  hot,  through  well-wetted,  thick,  filter  paper.  (8)  Distri- 
l)ute    into   flasks.     (9)  Sterilize. 

Notes. — 'Tlie  addition  of  sod.  cldoridc  is  omittrd.  if  it  is  to  be  subsequently  added 
in  t!ie  course  of  preparation  of  nutrient  niedinm. 

M3*62.'—(l)  Prepare  :- Lemco  01  :  sod.  chloride  0- 1  :  agar  25  ; 
D.  W.  1000.  (2)  Make  the  reuction  1  per  cent  alkaline  to  phenol- 
]ihthalein. 

Notes. — 'For  cultivation  of  protozoa. 

M3-7  MILK,  WHEY,  CASEIN,  AND  MILK  PRODUCTS : 
M3-71  MILK:  M3*711.— (1)  Steam  fresh  cow's  or  goat's  milk  60  min. 
(2)  Leave  in  a  cool  place  or  in  the  ice  chest  overnight  to  allow  the  cream 
to  rise.  (3)  Skim  off  the  cream  which  has  risen.  (4)  Transfer  the 
creamed  milk  in  quantities  of  10  c.c.  to  T.  T.  (5)  SteriUze  20  min. 
at  lOOC.  on  each  of  five  successive  days.  (6)  Te.st  sterility  by  incubation 
48  hr. 

M3-72  INDICATOR  MILK'  :  M3-721.— (1),  Tinge  sterilized 
creamed  milk  (M3'711)  in  T.  T.  with  litmus  sol.  to  give  a  pale  blue 
colour.     (2)  SteriUze  45  min.   3  d. 

Notes. — 'If  tlie  pnrebssed  uiilk  is  acid  in  reaction,  sod.  carbonate  sbould  be  added 
til  neutralize. 
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M3"722.— (1)  Prepare  :— Creamed  milk  1  :  water  :$.  (2)  Prepare  :  - 
China  blue-rosolic  acid  indicator  sol.'  25;  diluted  milk  i(K(.  {:\)  Raise 
to  boiling  point.  (4)  Boil  5  min.  (5)  Adjust  the  reaction  by  bringing 
the  colour,  with  the  addition  of  alkali,  to  a  p;ile  grey,  {(i)  Distribute 
into  T.  T.  containing  gas  tube.s  which  should  project  above  the  surface. 
(7)  Sterilize  in  the  autoclave. 

Notes. — •Eivi"'  p.irt'i  1  p^rot^nt  watery  f^liina  blue  and  Oo  percent,  ale.  rosolic  acid. 

M3-73  MILK  AGAR  :  M3-731.— (1)  Add  3  c.c.  sterilized  plain  or 
litmus  milk  (M3*721)  to  a  tube  of  melted  nutrient  agar. 

M3'732.—{1)  Prepare  :- Sterilized  milk  at  loC,  I  ;  melted  nutrient 
agar  at   4")('..   I. 

M3-74  MILK  RICE:  M3-741.— (1)  Make  a  pa.ste  with  : -Rice 
powder  10  ;  bouillon  7  ;  creamed  milk  2.  (2)  Distribute  as  a  laver  in  T.  T. 
or  flasks.  (3)  Heat  over  boiling  water  to  solidify  the  paste.  (1)  Steri- 
lize 30  min.  at  lOOC.  3  d. 

M3'742. — (1)  Make  a  paste  with: — Rice  powder  2;  bouillon  1; 
milk  3.  (2)  Distribute  as  a  layer  in  T.  T.  or  flasks.  (3)  Sterilize  30  min. 
at    lOOC".  :^(l. 

M3'743. — (1)  Make  a  paste  with: — Bouillon  1  :  powdered  rice  2; 
milk  '■').  (2)  Distribute  as  a  layer  in  a  Petri  dish.  (3)  Sterilize  20  min. 
at    1  !•')('. 

M3-75  WHEY  :  M3-751  — (I)  Add  rennet  to  fre.sh  milk.  (2)  Keep 
at  60C'.  (3)  Strain  the  separated  whey  through  a  thick,  clean  cloth. 
(4)  Make  the  reaction  of  the  fluid  neutral  to  litmus  by  means  of  an  organic 
acid,  .such  a.s  citric  acid.  (5)  Steam  60  min.  (0)  Filter,  while  hot,  through 
well-wetted,  thick,  filter  paper.  (7)  Add  Utmus  sol.  to  give  a  dee|>  purple 
red  colour.     (8)  Distribute  into  flasks  or  T.  T.     (9)  Sterilize. 

M3*752.^(!)  Add  lo  c.c.  strong  hydrochloric  acid  or  glacial  acetic 
acid  to  KXX)  c.c.  fresh,  slightly  warm  milk.  (2)  Boil.  (3)  Filter 
through  well-wetted,  thick,  filter  paper.  (4)  Make  the  reaction  of  the 
filtrate  neutral  to  litmus  by  the  addition  of  dilute  sod.  carbonate  .sf)lution. 
(7)  Filter,  while  hot.  through  well-wette<i,  thick,  filter  jwper.  (8)  Add 
litii5u.s  .sol.  to  give  a  deep  purple  re<l  colour.  (9)  Distribute  into  T.  T. 
or    fla.sks.     (10)  Sterilize. 

M3-753.'— (1)  Prepare  :- Fresh  milk  1000  ;  1-4  hydrochloric  acid  .'). 
(2)  Keep  at  37C.  (3)  Filter.  (4)  Make  the  filtrate  neutral  to  litmus 
with  sod.   hydroxide.     (5)  Steam   2  hr.     (6)  Estimate  and  adjust   the 
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reaction!     (7)  Filter.     (8)    Sterilize    at  lOOC.     (9)  Prepare  :— Sterilized 
wiicv  1  :  nutrient  agar  2. 

Notes. — *ror  cultivation  of  gonococcu.s. 

M3*754.' — (1)  Prepare  :^25  per  cent  crystalline  calc.  chloride^  1  : 
fresli  milk  100.  (-2)  Heat  5  niin.  at  115C.  (3)  Allow  to  cool, 
(t)  Strain  witliout  shakin;?  or  squoezing  tluongli  a  well-wetted,  thick 
doth.  (5)  Ad('  litnui.s  sol.  to  tint  the  fluid  obtained.  (G)  Bring  to  the 
tint  desired  by  the  addition  of  ,sod.  hydroxide  sol.  (7)  Boil  1  min. 
(8)  Allow  to  cool.  (9)  Decant  the  whey.  (10)  Filter  through  well-wetted, 
thick,  iilter  paper.     (11)  Distribute  into  T.  T.     (12)  Sterilize  at  112  C. 

Notes. — ^For  differentiation  of^organisms  of  the  typho-coli  group.  ^The  use  of  caloi 
chlorii'.c  for  the  co.aj'ulation  of  tlie  milk  obviates  the  alteration  in  reaction  produced  by 
the  addition  of  an  acid. 

M3'76  CASEIN  :  M3-761.— (1)  Prepare  :— Casein  10  grm.  ;  D.  \V. 
100  c.c.  (2)  .Add  \-l  sdd.  hydroxide  7  c.c.  (?>)  Steam  until  the  ca.sein 
is  dissolved.  (I)  Dissolve  10  grm.  agar  in  900  c.c.  D.  W.  (-'))  Mix 
the  agar  .sol.  with  the  casein  sol.  (0)  Filter  through  thick,  filter  paper. 
(7)  Adjust  the  reaction  to  I'S  percent  acid  to  ])hen()lphthalein.  (S)  Dis- 
tribute into  T.  T.  (9)  Sterilize  in  autoclave. 
Notes. — ^For  cultivation  of  .soil  bacteria. 

M3*762.— (1)  Prep>,re  :— Di-pot.  pho.sphate  1;  mag.  sulphate  0-3 
sod.  chloride  01  :  calc.  chloride  0-1  :  D.  W.  1000.  (2)  Add,  if  required,  a 
trace  of  ferric  chloride  and  also,  if  required,  1  per  cent  peptone.  (3)  Make 
faintly  alkaline  to  litmus.  (1)  Add  casein  0'5  per  cent.  (."5)  Heat  in  a 
water  bath  with  .shaking  to  distribute  the  casein.  (6)  Sterilize  15  min. 
at  115C.  (7)  Filter.  (8)  Add  1  per  cent  sugar.  (9)  Sterilize  at  lOOC. 
(10)  Distribute  into  T.   T. 

M3-763'    ALKALINE   CASEIN.— (I)  Prepare  :-Casein2   20;   N-1 

sod.    hvdroxide    10;   water    1.000. 

Notes. — ^For  cultivation  of  ana?robic  (jriiaiiism;'.  ^Or  nutrose  or  other  casein 
preparation. 

M3-77  DRIED  MILK  PRODUCTS.' 

Notes. — 'There  aie  a  great  variety  of  tb.ese  which  are  usable  in  the  preparation  of 
media.  Some  of  them  are  simply  dried  milk  and  may  be  used  as  milk  or  casein  is  u.sed- 
Casein  combined  with  ammonia  is  sold  as  •' eiicasein  "'  and  casein  with  potassium  as 
"  plasmon."  "  Sauose"  is  said  to  contain  SO  per  cent  of  casein  and  20  per  cent  of  egg 
albumin.  "  Sanatogen  "  consists  of  casein  and  5  per  cent  glycero-phosphate.  "  Nu- 
Irose  "  contain.s  casein,  sod.  carbonate,  flour  and  vegetable  protein  derived  from  tlie 
pea-nut. 
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M3-771.'— (1)  Propare  :— Niitrose^  19:  agar  15;  water  1000. 

Notes. — 'For  cultivation  of  amooba!.    'Or  somatose. 

M3"772. — (1)  Prepare  No.  1  sol.  :— Nutro.se  1;  soil,  chloride  05; 
water  75.  (2)  Prepare  No.  2  sol.  : — Sugar  1  ;  water  25 ;  litmus  sol.  to 
give  an  amethyst  tint.  (3)  Mi.x  No.  1  and  No.  2  sol.  after  cooling. 
(4)  Distribute  in  T.  T.     (5)  Test  sterility  by  incubation  48  hr. 

M3-8  ORGANS,  TISSUES  :  MS'Sl  ORGAN  OR  ORGAN  FRAG- 
MENT :  M3-811.'— ;!)  Kill  a  rahhit.  CJ)  Fast.Mi  it  ,,n  a  1'.  M.  hoard 
on  its  back  witii  limbs  fully  extended  and  pinned  to  the  board.  (3)  Wet 
the  hair  over  thorax  and  abdomen  with  2  per  cent  h'sol  or  other  anti- 
septic. (4)  Cut  the  hair  as  short  as  possible  and  again  wet  the  body 
surface  with  antiseptic  sol.  (5)  Make  a  mesial  incision  with  sterile 
instruments  through  the  skin,  to  extend  over  thorax  and  abdomen. 
(6)  Dissect  off  the  skin  in  flaps  to  expose  the  anterior  surface  of  thorax 
and  abdomen  completely.  (7)  Use  a  fresh  set  of  sterile  instruments  and 
open  tlie  abdomen.  (8)  Remove  with  sterile  precautions  the  orgaivs,- 
liveV,   kidnevs,   spleen    and   testicles.     (9)  Place   in   sterile  Petri  ilishes. 

(10)  Opew    the    thorax-*    with       a    fresh    set    of    .sterile    instruments. 

(11)  Remove  the  lungs  and  place  in  sterile  Petri  dishes.     (12)    Cut  up 
the  organs  obtained  with  sterile  precautioas. 

NotBt. — 'Used  largely  in  the  way  of  addition  to  media  for  the  cultivation  of  spiro- 
chaetes  and  ansrobic  organisms<.  'Organs  and  tissues  obtained  at  ordinary  post-niurtem 
examination  may  also  be  ased,  after  sterilization,  'If  tlie  thorax  as  well  as  the  abdomen 
is  to  be  opened,  the  former  should  be  ojiencd  first. 

M3*812. — (1)  Remove  with  sterile  precautions  the  orgau.s  lungs, 
liver,  kidneys,  spleen,  and  testicle  from  a  rabbit  specially  killed  for  the 
purpo.se  (M3'811).  (2)  Sear  the  surface  of  the  organ.  (3)  Cut  out 
suitably  sized  portionus  with  sterile  forceps  and  scissors.  (1)  Place  in 
sterile  T.  T.  or  Petri  dishes. 

M3'813.' — (1)  Di.stribute  sterile  peptone  water  2  per  cent,  acid  to 
phenol])htlialein  in  quantities  of  10  c.c.  in  T.  T.  (2)  Add  about  1  grm. 
fresh  rabbit,  ox,  or  human  liver.  (3)  Sterilize  15  miii.  at  115C.  (4)  Test 
sterility  by  incubation  40  hr. 

Notes. — 'For  cultivation  of  streptococci  and  an.'erobic  organisms  of  wounds. 
M3-814.'— (1)  Use  sterile  T.  T.  20  x  2  cm.  (2)  Tran.sfer  .small 
portions-  of  organs  sterilely  removed  from  a  rabbit,  specially  killed  for 
the  purpose  (M3-811).  to  each  T.  T.  (3)  Prepare  with  sterile  precau- 
tions :— Meltetl  nutrient  agar  1  per  cent  acirl  to  phenolplithalein  at 
45C.,  1  ;  sterile  a.scitic  fluid  at  45C.,  J.     (4)  Fill,  with  sterile  jm-cautioos, 
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about  20  c.c.  of  ascitic  tiuiil  agar  into  eacli  T.  T.  (5)  C'ovor  the  medium 
to  a  (loiith  III'  :'.  cm.  witli  sterile  liquid  paraffin,  ffi)  Tes't  sterility  by 
incubation    IS   lir. 

Notes.— 'For  ciiltivntidii  of  aii.Trobir-  spiroclia'tc,^.     -Alioiit  4  mm.  onlics. 

M3"815.' — (1)  Treat  cut  up  portions  of  organs  sterilely  removed 
from  a  labbit  specially  Icilled  for  the  pur])0Re  (MS'Sll)  with  fi  per  cent 
glycerinated  0'85  S.  S.  S.  for  1  hr.  (2)  Prepare  sterile  T.  T.  containing 
a  2  cm.  length  of  glass  tubing  as  support  for  the  tissue.  (3)  Add  6  per 
cent  glycerinated  0-85  S.  S.  S.  to  the  T.  T.  to  the  to])  of  the  supporting 
glass  rod.  (4)  Transfer  a  suitably  sized  portion  of  glycerinated  organ 
tissue  to  each  T.  T.  to  rest  on  the  glass  tubing  su])])ort.  (5)  Sterilize 
30  niin.  at    120f'. 

Notes.— 'Fcir  cultivation  of  15.  liiberoiilosis. 

M3'82  ORGAN  EXTRACT:  M3'821.—(l)  Mince  finely  lungs, 
liver,  spleen,  Iddney,  testicles,  thymus,  placenta,  or  other  organ. 
(2)  Proceed  as  for  the  preparation  of  bouillon. 

M3-84  BRAIN:  M3-841.1— (1)  Make  a  pulp  of  fresh  brain. 
(2)  Add  500  grm.  pulp  to  TjOO  c.c.  D.  W.  (3)  Raise  the  temperature 
slowly  to  boiling  point  with  constant  stirring.  (4)  Boil  15  min. 
(5)  Strain  tlirough  cloth  to  give  a  pulpy  mass.  (6)  Steam  2  hr. 
(7)  Prepare  : — Brain  pulp  mass  1  ;  serum  1.  (8)  Add  3  per  cent 
glycerin.     (9)  Distribute  into  T.  T.     (10)  Coagulate  (M6-1). 

Notes.— 'For  cultivation  of   B.  tuberculosis. 

IVI3-85  TESTICLE:  M3-851.'— (1)  Remove  the  tunica  vaginalis 
of  bidls"  testicles.  (2)  Mince  finely.  (3)  Allow  to  macerate  in  water 
overnight.  (4)  Heat  in  a  water  bath^  with  constant  stirring  m\til  the 
proteins  have  been  coagulated.  (5)  Filter  through  coar.se  cloth.  (0) 
Make  up  to  vol.  750  c.c.  with  hot  D.  \V.  (7)  Add  to  the  fluid,  while  hot, 
20  grm.  peptone  and  3  grm.  di-hydrogeii  sod.  phosphate.  (8)  Allow 
the  temperature  to  fall  to  40CI  (9)  E>'timate  and  f...just  tlie  reaction 
to  pH  7fi.  (10)  Add  30  grm.  agar  previously  dissolved  in  2.50  c.c.  D  W. 
and  finally  5  grm.  glucose.  (11)  Mix.  (12)  Dis.ribute  in  T.  T. 
(13)  Sterilize  at  120C.  (14)  Rotate  the  tubes  to  mix  before  allowing  to 
solidify. 

Notes. — 'For  cultivation  of  gouococcus.     -Not  over  a  free  tlame. 

M3-9    PEPSIN     DIGEST  :     M3-91     SOLUTION  :     M3-911.— 

(1)  Clean  and   wash   a    number   of    pigs"    stomachs.     (2)    Mince    finely. 
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(•M  l'r«'pai-f  :  -  Miiice<l  stoinacli  -HM)  :  stniiii;  livilmcliloiic  ^cid  10;  Wiitcr 
at  5<K"..  1000.  (1)  Kooptlioinixtuieat  5(11'.  -JO  lir.  ("))  Raise  tlie  Inu- 
pcrnture  to  hoilinji  i)oiiit.  (fi)  Pour  tlie  mi.Ktiirc  on  to  a  thick,  clean, 
cloth.  (7)  Collect  the  fluitl  which  drain.'!  tlu(>iii;li  tiie  cloth  together 
with  that  obtaineil  by  squeeziuf;  the  cloth  ami  its  conteiit.s.  (8)  Heat 
the  fluid  collected  to  80C'.  (0)  Make  the  reaction  faiiitlv  alkaline  to 
litmus  at  80C.  (10)  Filter,  while  hot.  through  well-wetted,  thick,  filter 
paj>er.  (11)  Steam  30  niiu.  (12)  Filter  again  through  well-wetted, 
thick,  filter  paper.  (IS)  Di.stiibute  the  tiltrato  into  flasks  or  T.  T. 
(14)  Sterilize. 

M3-92  BOUILLON  :  M3-921.'— (1)  Mince  finely  fat  free  veal. 
(2)  Add  yt">0  grin,  to  10(mi  ^.^■.  water.  (3)  Place  18  hr.  at  .37(".  (1)  F'our 
the  mixture  on  to  a  thick,  clean  cloth.  (5)  Collect  the  fluid  which  drains 
through  the  cloth  together  with  that  obtained  bv  squeezing  the  meat 
in  the  cloth.  (6)  Mix  the  fluid  collected  with  an  equal  vol.  of  ])ep.sin 
digest  .sol.  (M3-911).  (7)  Heat  t-)  70C.  (8)  'Make  the  reaction  neutral 
to  litmus.  (0)  Add  7  c.c.  N-1  .sod.  hydroxide  per  litre.  (10)  Filter 
through  well-wetted,  thick,  filter  paper.  (11)  Steam  30  min.  (12)  Filter, 
while  hot,  through  well-wetted,  thick,  filter  |)a per.  (13)  Distribute  the 
filtrate    into   fla.sks   or   T.    T.     (14)  Sterilize. 

Notes. — 'Pepi'in  digeiit  bouillon.     .Solidify  with  agar  to  make  pepsin  dice.^l  a).'ftr. 

M3'922,' — (1)  Prepare  : — Minced  pigs'  stomach  10  ;   minced  ox  or 
pig  liver  10  ;  strong  hydrochloric  acifl  1  ;   water  100.     (2)  Digest  21  hr. 
at  .50  C.     (3)  Boil.     (4)  Decant  after  21  hr.  the  S.  X.  F.     (5)  Make  faintiv 
alkaline  to  litmus.     ((?)  Distribute  into  T.  T.  or  flasks. 
Notes. — 'For  blood  enltnre.     .Sow  5  c.c.  blood  into  ."iO  o.c.  bouillon. 

M3*923. — (1)  Mince  finely  pig  or  beef  liver,  fat-free  beef,  placenta, 
bloofl  clot.  (2)  Wash  clean  and  mince  finely  a  number  of  large  pigs' 
stomachs.  (3)  Prepare  :  Minced  liver,  beef,  placenta  or  blood  clot 
100;  mincefl  .stomachs  100;  strong  hydrochloric  acid  H) :  T.  \V.  at  .50C. 
1000.  (4)  Keep  the  mixture  20  hr.  at  .")0C.  ('))  .Make  a  biuret'  and  n 
tryptophane  test.^  (6)  Boil  10  luin.  to  stop  the  digestion.  (7)  Pour 
the  mixture  on  to  a  wet.  thick,  clean  cloth.  (8)  Collect  the  fluid  which 
drains  through  the  cloth  together  with  that  obtained  by  squeezing  the 
cloth.  (9)  Filter  the  fluid  collected  through  well-wetted,  thick,  filter 
paper.  (10)  Bring  the  vol.  up  to  1000.  (11)  Filter  through  well-wetted, 
thick,  filter  paper.  (12)  Add  02  per  cent  di-pot.  phosphate. 
(13)  Estimate  and  adjust  the  reaction.     (14)  Steam  20  min.     (10)  Filter, 
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while  hot,  through  well-wetted,  thick,  iilter  paper.  (10)  Distribute  into 
dusks  or  T.  T.     (17)  Sterilize. 

Notes.— 'Add  to  5  c.c.  filtered  digest  01  c.c.  5  per  cent  eoppcr  sulphate  and  follow 
with  5  c.c.  N-1  sod.  hydro.tide.  A  pink  colour  indicates  complete  peptonization.  ^Add 
slowly  bromine  water  to  a  filtered  sample  of  the  digest  rendered  acid  with  acetic  acid 
when,  if  tryptophane  is  present,  a  ro.se  red  colour  will  be  produced  whicli  may  be  ex- 
tracted with  amyl.  ale.  The  colouring  matter  turns  to  yellow  on  adding  an  excess  of 
bromine.  The  presence  of  but  a  slight  positive  reaction  imlicates  that  the  digestive 
jjrocess  has  been  carried  far  enough. 

M3-924.'— (I)  Prepare  :— Glucose  15  ;  pot.  mtrate  •>. ;  agar  3  ;  meat 
extract  (M3-61)  prepared  from  veal  .500  ;  pepsin  digest  bouillon  (M3-921) 
500. 

Notes. — ^For  cultivation  of   B.  diphtheria. 

M3-93  BLOOD:  M3-931.— (1)  Procure  ox  or  sheep  blood  from 
the  slaughterhouse.  (2)  Allow  to  clot.  (3)  Decant  and  store  the  serum 
in  an  ice  chest,  (i)  Mince  the  clot.  (5)  Add  100  grm.  clot  to  1000  c.c. 
T.  W.  (6)  Raise  slowly  to  boiUng  temperature.  (7)  Boil  10  min.  (8) 
Cool  to  50  C.  (9)  Add  100  grm.  minced  pigs'  stomach  and  10  c.c.  strong 
hydrochloric  acid.  (10)  Digest  20  hi-.  (II)  Proceed  further  as  in  steps 
(5)  to  (12)  in  M3*923.  (12)  Make  the  reaction  neutral  to  litmus. 
(13)  Add  75  c.c.  of  the  decanted  serum.  (11)  Steam  GO  min.  (15)  Allow 
the  clot  to  form  a  compact  mass.  (16)  Decant  the  clear  fluid. 
(17)  Sterilize  at    lOOC. 

M3'932.' — (1)  Prepare  by  addition  in  the  order  given  : — 0-85  S.  S.  S. 
150  c.c. ;  hydrochloric  acid  G  c.c.  ;  defibrinated  sheep's  blood  50  c.c.  ; 
granulated  pepsin  B.  P.  1  grm.  (2)  Shake  to  dissolve.  (3)  Heat  in  the 
water  bath  at  55C.  for  2  to  24  hr.2  with  occasional  shaking.  (1)  Add 
12  c.c.  20  per  cent  sod.  hydroxide.  (5)  Adjust  the  reaction  by  addition 
of  20  per  cent  sod.  hydroxide  until  a  sample  gives  witli  cresol  red  indi- 
cator sol.^  the  colour  of  permanganate.*  (6)  Add  pure  hydrochloric  acid 
drop  by  drop  until  cresol  red  indicator  sol.  gives  practically  no  change  of 
colour  but  phenol  red  gives  red.^  (7)  Add  chloroform  to  0'25  per  cent. 
(8)  Shake  to  mix.  (9)  Keep  in  a  tightly  stoppered  bottle  till  required 
for  use.  (10)  Prepare  for  use  : — Peptic  digest  blood  at  45C.,  35  ;  melted 
nutrient  agar  at  45C.,  100. 

Notes. — 'For  the  cultivation  of  B.  influenza?.  ^The  exact  time  is  immaterial.  ^0-02 
per  cent.    'Corresponding  to  pH  7-G.     ^Corresponding  to  pH  10  to  7-2. 

M3-94  PEPSIN  TRIPSIN  DIGEST:  M3'941.—(l)  Prepare  :— 
Finely  minced  horse  heart  150  grm.  ;  pepsin  5  grm.  ;  50  per  cent  hydro- 
chloric acid  2  c.c.  D.  W.  400   c.c.     (2)  Leave  to    digest   2  d.   at  37C. 
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(3)  Filter.  (4)  Add  anhydrous  sod.  carbonate  39  grm.  and  ISc.c.  fresh 
glycerin  pancreatic  extract  (T7'4).  (5)  Lejive  6  hr.  at  37C.  (6)  Sterilize 
at  lOOC.  (7)  Neutralize  with  hydrochloric  acid.  (8)  Add  water  1950  c.c.J 
sod.  chloride  6  grm.  ;  agar  39  grm.  (9)  Steam  3  hr.  (10)  Filter. 
(11)  Distribute  into  T.  T.   and  flasks.     (12)  Sterilize. 

M3*942.— (1)  Proceed  as  in  steixs  (1)  to  (10)  in  M3-923.     (2)  Make 
faintly   alkaline   to   litmus   with  sod.    carbonate  sol.     (:>)    Cool  to  37C. 

(4)  Add  [lancreatic  extract  to  1  per  cent.  (5)  Keep  at  37C.  3  hr.  or 
longer.  (6)  Make  tests  for  tryptophane.'  (7)  Make  slightly  acid  to 
litmus  with  glacial  acetic  acid.  (8)  Raise  slowly  to  boiling  point.  (9)  Boil 
10  min.  (10)  Filter,  wliile  hot,  through  well-wetted,  thick,  filter  paper. 
(11)  Add  02  per  cent  di-pot.  phosphate.  (12)  Estimate  and  adjust 
the  reaction.  (13)  Steam  30  niin.  (14)  Filter,  while  hot,  tlirough  well- 
wettetl,  thick,  filter  paper.  (15)  Distribute  into  flasks  or  T.  T. 
(16)  Sterilize. 

Notes-  IM3-9232. 

M4     MEDIA     PREPARATION     AND     COMPOSITION:     M4-1 
PEPTONE  AND  PEPTONE  DERIVATIVES.' 

Notet. — 'Tryptophaiio,   polypeptids  amino-acids,   etc.     The    peptone    media  here 
dealt  with  are  those  without  the  addition  of  meat  extract. 

M4-ll.'—(l)  Prepare:— Sod.  chloride  5;  peptone  10;  D.  W.  100  » 
(2)  Boil  to  dis.solve  the  peptone.     (3)  Add  :— lactose  10 ;  sat.  neutral  red 
10.     (4)  Heat  to  dissolve  the  sugar.     (5)  Filter.     (6)  Di-stribute  in    T.  T. 
containiim  fermentation  tubes.     (7)  Sterilize  3  d.  at    lOOC. 
NoiM. — 'Solidify  with  agar  if  required. 

M4-12.'— (1)  Prepare  :— Sod.  chloride  5;  peptone   10  to  20;  D.  W. 
lOfKi. 

Hrtei. —^Peptone  water.     Solidify  with  agar   if  desired.     With  reaction  pH  8  to 
pH  9  if  used  for  isolation  of  ,V.  cholerse. 

M4-13.—(l)  Prepare:— Sugar    10;    peptone   10   to  2;   litmus    sol. 
(S7-78)  lO;  D.  W.  1000. 

M4-14.—(l)  Prepare  :— Granulated    peptone  of    Chassiiing  2  ;    pure 
anhydrous  glycerin   4  ;  agar  2  ;   D.    VV.    100. 

M4-15.— (1)    Prepare  :— Peptone    10  ;  gluco.se  40  ;   agai20;   water 
1000.  2  i>er  cent  acid  to  phcnolphthalein. 
Notet. — 'For  cultivation  of  yeast. 

M4'16.'— (1)  Prepire  peptone  15  ;  glucose  1;    glycerin  Oo  ;    so<l. 
chloride  05 ;  agar  2  ;  water  10  without   any  adjustment  of  reaction. 
Notes. — 'For  cultivation  of  hyphomycctcs. 
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M4-17.'— (1)  Prepare  :— I'o])toue  :i  ;  agar  18;  water  100. 
Notes. — 'For  cultivation  of  liypliomycetes. 

M4"18.' — (1)  Prepare: — di-pot.  phosphate  5  ;  mag.  sulphate  2'5  ; 
sod.  chloride  25  :  peptone^  1  :  ]).  AV.  1000. 

Notes. — 'For  tlemonstratiou  of  ammonia  production  from  protein.  -Or  fibrin  or 
gelatin. 

M4  2  PROTEIN  FREE.^ 

Notes. — 'often  callecl  ■  synthetic  '  media.  'I'lie  idea  conveyed  by  the  term  synthetic 
i»  that  the  media  are  composed  of  substances  of  known  chemical  composition.  See  also 
media  containing  salts  of  mineral  and  organic  acids.  Ammonium  salts  can  afford  the 
nitrogen,  and  ''  sugars  '"  the  carbon  required  for  the  metabolism  of  bacteria. 

M4"21  :  M4*211. — (1)  Prepare,: — A.sparagin  3*4  ;  ammon.  lactate  10  ; 
sod.  chloride  -j  ;  mag.  sulphate  0'2  :  oalc.  chlorid(?0"l  ;  di-pot.  phosphate  1 ; 
glycerin  40;   1).  W.    1000. 

M4'212. — (1)  I'repare  :-  Sod.  chloride  ■")  ;  calc.  chloride  O'l  ;  mag. 
sulphate  0'2  :  di-hvdrogeii  not.  piiosphate  2  ;  amnion,  lactate  6  ;  pot. 
aspartatt^*  3:  glycerin  30:   1).   \V.    KKKI. 

Notes. — 'Or  .sod.  aspartate. 

M4'213. — (1)  1'  epare  :  -.\.s])aragin  I  ;  di-sod.  phos])hate  2  ;  anuiion. 
lactate  (i :  .sod.  chloride  .^) :  J).  W.  1000. 

M4"214. — (I)  I'r  pare  :  -  Sod.  chhuide  2  ;  mag.  sulphate  O'l;  calc. 
chloride  0-2;  di-hydrogeu  jiot.  ))lu)sphate  2;  asparagiu  2;  mannite  2; 
water  lOOd.  (2)  .Make  reliction  neutral  to  litmus.  (3)  Filter.  (4)  Add 
litmus  sol.    17-.").     (."))  Distribute   in   T.   T.     ((3)  Sterilize. 

M4'215. — (I)  rrejiaie  Xo.  1  sol.: — Pot.  nitrate  2  grm.  ;  as^Jaragin 
O^I  grm.  :  1).  W.  2-"')  c.c.  (2)  Prepare  No.  2  sol.  : — Citric  acid  0-5  grm.  ; 
di-hydrogen  ])ot.  phos|)liate  02  grm.  :  mag.  sulphate  02  grm.  :  calcj 
chloride  0-02  grm.  :  feriic  chloride  a  trace  ;  I).  W.  50  c.c,  and  make 
neutral  to  litmus  with  ]iot.  hydro.xide  sol.  (3)  Mix  Nos.  1  and  2 
solutions  :ni(l  make  up  to  1(1(1  c.c.  (1)  Distribute  into  T.  T.  (5) 
Sterilize. 

1VI4-216.'— ( i)  I'reiwre  :  Asparagiu  .5:  annuon.  lactate  5;  sod. 
suliihate  2  ;   mag.  sulphate  0-2  ;  D.  W.    1000. 

Notes. — 'U.seassuehorforindol  test  with  the  addition  of  either  peptone  .30,  or  1-1000 
tryptophane  •],  '.S,  or  -5. 

M4"217.' — (1)  Pie]iare  :     So<l.  asparaginate  1  :  glucose  1  ;    glycerin 
id  ;  di  hydrogen  ,immon.  jiliosphale  bo  :  calc.  chloride  O'l  :  mag.  .sul])hatc 
0-2  :  pot.  chloridi'  (cl  ;  Icnic  cliloiiilc  a  trace  :  agar  12  :  I).  W.  1(10(1  with 
leaction    1    per    cent   acid     to  phenol|ilitlialein. 
Notes. — 'For  cultivation   of  soil  bacteria. 
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M4'218. — (1)  Prepare  :— Sod.  chloride  G;  calc.  chloride  (I- 1  ;  majr. 
sulphate  03  ;  di-pot.  phosphate  2"5  ;  amnion,  lactate  8  ;  sod.  asiMiraniiiate 
3"5  :  •rlvcorin  ."W  :  water  1000. 

M4'219. — !l)  Prepare:-  Di-hvdrogeu  jxit.  phospliate  0  o  ;  iiia>'. 
sulphate  0-06  ;  mag.  citrate  0'2.^  ;  asparagiii  0  o  ;  glvcerin  2  ;  sod. 
hyiiroxide  0-25  :  water    100. 

M4-22:  M4-221.—(l)  Prepare  -  Di-pot.  pli(.sj)liate  1:  mag. 
sul|)hate  (!■•■)  :  ainmoii.  sulphate  1  :  smi.  cldoride  O'UIJ  :  precipitati'd  (.halk 
20;   D.   W.    1000. 

M4'222. — (1)  Prep.'.re  : — Ammon.  tartrate  10;  di-liydrogen  pot. 
l)hosphate  ■") ;  calc.  phosphate  05  ;  mag.  sulphate  5  ;  D.  \V.  lOOtt. 

M4'223. — (1)  Prepare  ;— Ammon.  tartrate  10;  di-pot.  phosphate  I  ; 
mag.  sulph.ite  0-2;  calc.  chloride  01  ;  D.  W.   1000. 

M4"224. — (1)  Prepare  : — Ammon.  nitrate  I  ;  amnion,  phospliate  O'C  ; 
ammon.  sulphate  02.5  ;  tartaric  acid  1  ;  pot.  carbonate  06  ;  zinc  sulphate 
0  07  :  ferrous  sulphate  007  ;  pot  silicate  007  ;  saccharose  70  ;  water 
1500. 

M4'225. — (1)  Pre])are  :-  Ammon.  tartrate  10  ;  di-pot.  phosphate  10  ; 
mag.  sulpliate   10  ;  tri-calc.  pho.sphate  05  ;  D.  W.  1000. 

M4'226. — (1)  Prepare  :  -Amnion,  tartrate  10  ;  di-pot.  i)hosphate  1 ; 
mag.  sulpliate  02;  calc.  chloride  012;  water  1000. 

M4'227. — (1)  Prepare  : — Ammon.  acetate  10  ;  di-pot.  phosphate  5  ; 
mag.  >iilpliate  5  ;  tri-basic  calc.  phosphate  0"5  ;  1).  W.  1000. 

M4  228.' — (1)  Prej)are  :-   Amnion,  carbonate  ;V 5  ;  di-hyilrogen  pot. 
phosphate  P.'J  ;  mag.  sulphate  2'5  ;  glycerin  15  ;  water  1000. 
Notes. — 'For  cultivation  of  B.  tuberculosis. 

M4'23  :  M4*231.— (1)  Prepare  :-  Amnion,  sulphate  1  ;  sod.  chloride 
2;  ferrous  sulphate  O'i  ;  mag.  sulphate  0"5 ;  di-]iot.  plios[)hate.  1. 
(2)  Sterilize,     (."i)  Add   niag.   carbonate   in  e.x'cess. 

M4*232.' — (1)  Prepare: — Auimon.  nitrate  PS;  .saccharose  70; 
neutral  |>ot.  tartrate  (j'5  ;  di-pot.  phosphate  O'i  ;  mag.  carbonate  (C  I  ; 
pot.  sulphate  025  ;  ferrous  sulphate  0-07  ;  zinc  sulphate  Ot)7  ;  pot.  .silicate 
007;    1).    W.   15<X». 

NotSt. — 'For  cuitivaliuu  of   yeast. 

M4-233.'— (1)  Prepirc:  Sod.  amnion,  plmsphate  02  ;  di-liyilrog<  n 
pot.  pho.sphate  01  ;  lactose  0-5;  agar  15  ;  D.  \V.   KM».     (2)  Add  in  ilii> 
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mixture  at  90C  :— 1  per  cent.  ale.  l)asic  fuchsin  0-5  ;  freslily  ])iepare(l  5  per 
cent  sod.  sulphite  O'u. 

Notes.— 'For  cultivation  of  coli-serogcnes  group  ;  allowing  only  the  development 
of  organisms  capable  of  talcing  their  nitrogen  from  a  very  simple  source  and  of  utilizing 
lactose  as  their  only  source  of  carbon. 

M4'234.— (I)  Prepare  :— Sod.  chloride  0-002  ;  mag.  sulphate  0-002  ; 
di-pot  pho.sphate  0'05 ;  ferric  chloride  a  trace  ;  glycerin^  1  ;  urea^  0-1  ; 

D.   W.    100. 

Notes. — lAs  other  sources  of  carbon,  saccha^rose,  glucose,  mannite,  ealc.  lactate,  etc., 
are  used.  "As  other  sources  of  nitrogen,  sod.  hippurate,  uric  acid,  asparagin,  ammon. 
sulphate,  ammon.  acetate,    ammon.  butyrate,  ammon.  lactate,  are  used. 

M4*235. — (1)  Prepare  : — Sod.  nitrate  0-1  ;  sod.  chloride 0002  ;  mag. 
sulphate  0002  ;  di-pot.  phosphate  0-05  ;  ferric  chloride  a  trace  ;  glycerin 
or  glucose  1  ;  D.  W.  100. 

M4*236. — (1)  Prepare: — Glycocoll  1;  arginine  0-5;  sod.  chloride 
1-2-^:  (li-liydrngen  pot.  phosphate  1-25;  mag.  citrate  0-6;  glucose  1; 
glycerin  10;  water  250.  (2)  Make  neutral  to  htmus.  (3)  Add  N-lOO 
sod.    hydroxide. 

Notes. — 'For  cultivation  of  B.  tuberculosis. 

M4"237. — (1)  Prepare  : — Uric  acid  0-5  ;  sod.  chloride  5  : 
mag.  sulphate  0-2  ;  calc  chloride  0-1  ;  di-pot.  phosphate  1  ;  glycerin  30  > 
ammonia-free  D.   W.    1000. 

Notes.  -'For  cultivatiou  B.  aerogenes  to  the  exclusion  of  B.  coli. 

M4'238. — (1)  Prepare: — Ammonia  0'62;  jiot.  hydroxide  5-6  ;  sod. 
hydroxide  I;  phosphoric  acid  12-79;  acetic  acidl"13;  ferric  chloride 
0001  ;  mag.  sulphate  0001  ;  calc.  chloride  0-001  ;  water  1000  of 
pH  7. 

M4-239. — (1)  Prepaie  :— Pot.  nitrate  7  ;  di-pot.  phosphate  1-5; 
mag.  sulphate  I'S  ;  sod  chloride  1-5  ;  calc.  sulphate  5  ;  ferric  chloride  sol. 
a  few  (liops;  D.  W.  3000  r.c. 

M4.24  :  1VI4'241.' — (1)  Prepare: — Glucose  2;  citric  acid  5;  mag. 
sulphate  2  ;  di-pot.  phosphate  2  ;  calc.  chloride  0-2  ;  ferric  chloride,  a 
trace  ;  D.  W.   1000  with  strictly  neutral    reaction. 

Notes. — ^'For  cultivation  of  serobic  nitrogen-fixing  bacteria.     Nitrogen-frco  medium. 

iyi4-242.' — (1)  Prepare  :— Mannite  15  ;  mag.  sulphate  02  ;  di- 
hydrogen  pot.  phosphate  02  ;  sod.  chloride  0-2  ;  calc.  sulphate  0-1  ;  calc. 
carbonate  5  ;  D.  W.  1000.  (2)  Dissolve  the  phosphate  separately  in  a 
little  \yater  and  make  neutral  to  phenolphthalein.  (3)  Add  the  other 
ingredients. 

Notes. — 'A  nitrogen-free  medium.  For  cultivatiou  of  scrobic  nitrogen-fixing  bacteria 
and  protozoa. 
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M4-243.'— (1)  Boil  2  lir.  :— Rich  garden  soil   1  ;  \vat<>r  2.     (2)  Pour 
oil"  the  nirl>icl  lluul.     (3)  Mix    talc'     with  tlio   turhitl    fluid.     (I)  Filler 
aiul  reliltor  till  clear,  through  thick,   lilter  paper. 
Notes. — '''Soil  extract."     'Or  calc.  carbonate. 

M4-244.— (I)  l)i.s.solve  agar  15  grm.  in  !l(i()  c.c  water.  (2)  Add 
soil  e.Kti-act  (M4-243)  IW  c.c'  (3)  Add  glucose  1  gnu.  just  before 
distrihution  into  T.  T. 

Notes. — 'Tho  reaction  should  be  0'5  per  cent  acid  to  phenolplitlinlein  or  nearly 
neutral. 

M4*245.' — (1)  Prepare: — Di-pot.  phosphate  O.')  ;  soil  extract 
1M4-243)   KKt;  T.   W.  900. 

Notes. — 'For  cultivation  of  flagellates  and  ciliates  in  soil. 
.    M4*246.  ' — (1)  Prepare  :— Amnion,  sulphate  2  ;  di-pot.  ])hos])hate  1  ; 
simI.  chlori<le  2  :  mag.  sulphate  05  ;  ferrous  sulphate  01  ;  D.  \V.  1000. 
(2)  Distribute  in  fla,sks  in  quantities  of  50  c.c.     (3)  Add  to  each  flask 
0'5  grm.   mag.   carbonate.     (4)  Sow.     (5)  Incubate  at  30C. 

Notes. — 'For  test  soil  bacteria  for  ammonia,  nitrite,  and  nitrate  production. 

M4-3     PROTEIN     POOR:     M4-31.'— (1)     Prejjare  .—Gelatin    1: 
T.  W.  5  with  reaction  i)'5  per  cent  acid  to    p]ienol])lithalcin. 
Notes. — 'Used  in  soil   bacteriology. 
M4-4'  SALTS  OF  ORGANIC  AND  INORGANIC  ACIDS. 

Notes. — 'Sec  also    protein-free  media. 

M4-41  INORGANIC  SALTS:  M4-411.'— (1)  Prepare:  Di-pot. 
ph(wphate  O'D  ;  mag.  .^ul]jluite  U-2  ;  pot.  nitrate  ()0(i ;  gluco.se  10  ;  peptone 
05 ;  agar  20 ;  D.  W.  1000  with  reaction  05  per  cent  acid  to 
phenol  phthalein. 

Notes. — 'For  cultivation  of  soil  organisms. 

M4'12.'— (1)  Prepxre  :— Di-pot.  phosphate  1;  mag.  sulphate  0-2  ; 
.so<l.  chloride  fi02  :  l-UtOO  manganese  sulphate  1  ;  I-IOOO  ferrous  .sulphate 
1  ;  glucose  20 ;  D.  W.   1000. 

Notes. — 'For  cultivation  of  nitrogen-fixing  organisms. 

M4-413  — (1)  Substitute  mannite  for  glucose  in  M4*412. 

]H4-414.i_(l)  Prepare  :—Di-iKit  phasphate  1:  mag.  sulphate  05  ; 
calc.  chloride  001  ;  sod.  chloride  2  ;  D.  W.  UKK).  (2)  Di.stribute  into 
fla.sks  in  quantities  of  20  c.c.  (3)  Add  a  small  quantity  of  fre.shly  washed 
mag.  carbonate.  (4)  Sterilize  20  min.  at  lOOC.  3  d.  (5)  A<ld  with 
sterile  precautioas,  to  each  fla.sk  2  c.c.  2  per  cent  sterile  amnion,  sulphate. 
(6)  Test  sterility  before  u.se  by  incubation  48  hr. 

Notes.— 'For  demonstration  of  nitrite  and  nit  rate  formation  by  nitrifying  organismti. 


106  Bacteriological  and  L'lbomtori/  Technique. 

M4*415.' — (1)  Prepiie  : — Animon.  piilpliate  1  :  pot.  sulphate  1  ; 
mag.  carbonate  To  ;  D.  W.   1000. 

Notes. — 'For  (leinonstratioa  of  nitrite  formation  by  nitrifying  organisms. 

M4-416.'— (1)  Prepare  :— Sod.  nitrite  1  :  di-pot.  pho.sphate  ()-~)  : 
mag.  sulphate  0'3  ;  sod.  chloride  0'5  ;  ferrous  sulphate  ()•  4  ;  anhydrous 
sod.  carbonate  0-3  ;  D.  W.   1000. 

Notes. — 'For  demonstration  of  nitrate  formation  by  nitrifying  organisms. 

M4'417,'^ — (1)  Prepare  No.  1  sol.  : — Anmion.  sulphate  0'4  ;  mag. 
sulphate  00.5  ;  calc.  chloride  Q-Ol  ;  D.  W.  50.  (2)  Prepare  No.  2  sol.  :— 
Pot.  phosphate  0-1  ;  sod.  carbonate  0-6  ;  D.  W.  50.  (3)  Prej^are  No.  3 
sol. :— Silicic  acid  3-4  ;  D.  W.  100.  (4)  Mix— No.  1  and  No.  2  .sol.2  in 
equal  quantities.  (5)  Add  by  degrees  this  mixture  to  No.  3  sol.  with 
constant  stirring  mitil  solidification  occurs.  (6)  Distribute  the  solidified 
medium  in  plates.     (7)  Sterilize  30  min.    at   lOOC.   3  d. 

Notes. — '.Silicate  jelly.  ^Thc  sterile  nutrient  mixture  of  Nos.  1  and  2  sol.  may 
first  be  inoculated,  and  then  added  with  sterile  precautions  to  sterilized  silicic  acid 
(No.  3  sol.)  in   a  Petri  dish.     Rotate  to  mix  and  allow  to  solidify. 

M4'418.' — (1)  Place  4  c.c.  sod.  silicate-^  sol.  in  a  porcelain  dish- 
(2)  Add  10  c.c.  concentrated  hydrochloric  acid  to  precipitate  the  silicic 
acid.  (3)  Evaporate  to  dryness.  (4)  Moisten  the  silicic  acid  again  with 
hydrochloric  acid.  (5)  Evaporate  to  dryness  a  second  time.  (6)  Wash 
and  transfer  to  Swedish  filter  jiaper  the  weight  of  whose  ash  is  known. 
(7)  Wash  the  precipitate  until  the  water  gives  no  cloudiness  with  silver 
nitrate  sol.  (8)  Burn  the  filter  with  the  precipitate  upon  it  in  a  weighed 
platinum  or  porcelain  crucible  and  heat  to  redness.  (9)  Allow  to  cool 
and  weigh  the  .silicic  anhydride  residue.  (10)  Calculate  the  amount  of 
silicic  anhydride  in  1  c.c.  of  the  original  silicate  sol.  (11)  Dilute  the 
silicate  sol.  to  contain  5  per  cent  silicic  anhydride.  (12)  Prepare  hydro- 
chloric acid  of  such  strength  that  1  c.c.  just  neutralizes  1  c.c.  of  the  ."od. 
silicate  sol.  using  methyl  orange  as  an  indicator.  (13)  Add  104  c.c.  of 
the  hydrochloric  acid^  to  100  c.c.  of  the  sod.  .silicate  sol.  (14)  Distribute 
into  T.  T.  in  amount  of  15  c.c.  (15)  Sterilize  15  min.  at  120C.  (16)  Sow. 
(17)  Add  005  c.c.  annnou.  sulphate  sol.*  per  c.c.  and  a  drop  or  two  of 
sod.  carbonate  sol.  to  make  the  whole  alkaline.  (18)  Pour  plates^ 
immediately  and  allow  to  solidify. 

Notes. — 'For  isolation  in  pure  state  of  nitrifying  organisms,  ^^yater  glass.  'The 
excess  of  acid  prevents  coagulation  during  the  subsequent  sterilization.  *Amniou. 
sulphate  2  ;  di-pot  phosphate  1  ;  sod.  chloride  2  ;  mag.  sulphate  0-.3  ;  ferrous  sulpliateO-4  ; 
1).  \V.  1U(H.I.     The  silicic  acid  sol.  gelatinizes  rapidly  on  admixture  with    the   amnion. 
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solptiatosol.     *Sowiiig   may  also     Ik-   (KTfornicd   on   tlic  surface  of   tlio   niriliiiin   after 
setting. 

M4"419.'— (1)    Prepare  :— Pure     .s(k1.     nitrite    2;    anhydrous    sod. 
carlxMiiifo  1  :  di-pot.  phosphate  0-2  :  asjar  1") ;  T.  W.  1000. 
Notts. — 'For  growing  nitrate  producing  organisms. 

M4-42  CALCIUM  SALTS:  M4-421.— (I)  rropiue  :-  Calc.  car- 
Ijonate'  5  to  20:  •■sugar"    lo  :  Ixmillon    1(KK». 

NOtM. — 'The  acid  formed  by  docounjosition  of  the  sugar  acts  on  the  carlionate  with 
evolution  of  carbonic  acid  gas  and  neutralization  of  the  acid. 

M4-43  IRON  SALTS  :     M4-431.— (1)  Prepare  :     Ferric  tartrate  1  : 

houilloll      IlKNI. 

M4*432. — (1)  Prepare  :—Sod.  chloride  o :  di-]M)i.  phosphate  15; 
jji'ptone  M\ :  water  1000.  (2)  Distribute  in  quantities  of  lOe.c.  into  T.  T. 
(3)  A(l.i"  O'l  c.c.  2  per  cent  neutral  ferric  tartrate  to  each  T.  T. 
(1)  Sterilize. 

Notes. — '.A    yellowish    precipitate   forms. 

M4-44  LEAD  SALTS  :     M4441.— ;1)  I'r.'ia.e  :    -Lead   acetate  1  ; 

houilloll     I  HI  HI 

M4"442. — (1)  Prepare: — Sod.  chloride  ")  ;  di-sod.  ])liospliate  ."5; 
|)eptoiie  -io  ;  water  1000.  (2)  Distiibute  in  quantities  of  10  c.c.  into  T.  T. 
(3)  Add  0"  1  c.c.   1  per  cent  neutral  lesid  acetate  to  each  T.  T. 

M4-443.'— ;l)  Ad>  1  droji  (005  c.c.)  Ire.shly  prepared  l-lO  lead 
acetate  at  15C'.  to  4  c.c.  nielte<l  nutrient  agar  at  45(.'.  in  T.  T.  (2)  Mi.v. 
(3)  Sow  by  |)a.s.sin<;  the  platinum  loop  between  the  gla.ss  and  the  agar. 

Notts. — 'For  difTercntiution  of  organisms  of  the  typho-coli  group,  li.  typhosus 
an<l  U.  ])aratyphosus;  K.  cause  blaekening,  B.  paratyjihosus  A,  and  13.  coli  cause  no 
blackening. 

M4-444. — ( 1 )  I'r.'i)!'  re  :  Sterile  .30  jwr  cent  glucose  at  45(j.  4  drops  . 
sterile  5  per  cent  lead  sidtaci-fate  at  I5C.  2  drops  ;  melted  nutrient  agar 
at   45C    10  c.c. 

M4-45  NITRATES:  M4-451,'— (I)  Pn  pen- :  -P(.t.  iiitrah-  5; 
bouillon     IIHNI. 

Notes. — 'For  tost  of  nitrate  reduction  by  denitrifying  organisms. 

M4*452.— !l)  Pr-jir.rc  :'  Sofl.  nitrati-  1  :  pc|.toiieH);  aniiiionia-frei.' 
I)      W .     |IHM». 

M4-453.'     (I)  Pre|av.-aiid    distriluitf    into   T.    T.    lurnislicl    with 
feriii'-iitaiioii    iub<>s  :     Pot.    nitrate   2  ;    pept«}ne    I  :    watri   jinmi. 
Notts. — 'For  demonstration  of  denitrifying  orgaoisnu  ni  sml 
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M4*454. — (1)  Prepare  : — Nitrite-free  pot.  nitrate  2  ;  peptone  I  ; 
ammonia   free  D.   W.    1000. 

M4.455.' — (1)    Prepare  :—Sorl.    nitrate  2;     citric   acid    5;     mag. 
.sulpiiate  2 ;    cli-pot.  phosphate    2 ;     calc.    chloride    0-2 ;    water   1000- 
(2)  Neiitrahze  with  sod.  carbonate  sol.     (.3)  Add  a  trace  of  ferric  chloride. 
flotes. — iji'or  cultivation  of  denitrifying  species. 

M4"456.' — (1)  Prepare  :— Glucose  Vh  ;  sod.  nitrate  0-3  ;  di-pot. 
phosphate  0-1  ;  T.  W.   100. 

Motes. — *For  determination  of  nitrifying  power  of  soil. 

M4-5    SUGAR.' 

I^Otes. — iThe'tcrm  is  used  to  include  carbohydrates  generally,  alcohols,  glucosides,  etc. 

M4-51  SUGAR:  M4-511.'— (1)  Prepare :— Sod.  chloride  0-5; 
peptone  1  ;  water  100.  (2)  Steam  to  dissolve.  (3)  Maiie  faintly  alkaline 
to  htraus  with  10  per  cent  crystalline  sod.  carbonate.  (4)  Filter. 
(5)  Sterilize.2  (6)  Prepare  :— Sugar  1  ;  litmus  sol.  (S7'789)  5  ;  peptone 
water^  100.  (7)  Dissolve  the  sugar  with  gentle  warming.-*  (8)  Filter 
into  f.  T.  (9)  Sterihze  3  rf.  at  lOOC.  (10)  Allow  the  temperature  on 
the  thiid  day  just  to  reach  120C.  and  then  extinguish  the  flame. 

Ilotes. — iThe  usual  preparation  for  fermentation  tests  of  organisms.  ^Once  dissolved 
and  filtered  peptone  can  be  heated  to  higher  temperature  than  lOOC.  without  showing 
burning.  'The  peptone  water  may  be  replaced  with  advantage  by  nutrient  bouillon  in 
this  mctliu  n.     '.Sugars  should  be  dissolved  at  temperatures  not  exceeding   lOOC. 

M4-512.— (1)      Prepare  :— Sugar     10;   lemco-bouilloni     (M2'113) 
1000   neutral   to   phenolphthalein. 
Notes. — 'Lemco  bouillon  is  sugar-free. 

M4-513.—(l)  Prepare  :— Sod.  chloride  .5  ;  peptone  10  ;  water  1000; 
steam  to  dissolve.  (3)  Filter.  (4)  Add  freshly  prepared  1  per  cent 
neutral  red  2' 5.  (5)  Adjust  the  reaction  with  1  per  cent  sod.  hydroxide 
to  a  point  at  which  the  neutral  red  is  just  decolourized.  (6)  Sterihze 
in  autoclave.  (7)  Prepare  : — 10  per  cent  sugar  in  quantity  to  give  a 
1  per  cent  sol.  when  added  to  the  neutral  red  peptone  sol.  and  sterihze 
10  mill,  at  105C.  (8)  Add  this  quantity  of  sugar  sol.  to  the  requisite 
amount  of  neutral  red  peptone  .sol.  (9)  Distribute  in  T.  T.  containing 
fermentation  tubes.  (10)  Sterihze  10  min.  at  105C.  or  20  min.  at  lOOC.  2  d. 
(11)  Test  the  sugar  by  inoculation  of  2  T.  T.  containing  it,  one  with  an 
organism  known  to  ferment  it  and  another  with  an  organism  known 
not  to  ferment  it.  (12)  Incubate  for  7  d.  before  maldng  the  final 
reading. 
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M4*514.' — (1)  Use  a  3  per  ceut  agar  01  per  cent  aei<l  tc.  iilionol- 
phthaleiu.  (J)  Colour  with  litmus  sol.  to  a  purple  violet  colour.  (3)  Ad(l 
I  per  cent  lactose  aud  01  per  ceut  glucose,  (t)  Sterilize  2  d.  at  lOOC. 
(5)  i^lope.     (6)  Sow  1)V  smearing  the  surface  and  stabbing  into  the  butt. 

Notes. — 'Double  sugar  medium.  B.  typhosus  shows  a  delicate  growth  on  a  violet 
sloiH'  and  pink  in  the  butt.  B.  paratyphosus  A  and  B  show  a  growth  on  a  violet  slope 
andpinkin  the  butt,  with  gas  bubbles.  B.  colishowsa  growth  on  a  pinkslopennd  jiink 
in  the  butt,  with  gas  bubbles. 

M4'515.— (1)  Prepare: — Sugar  10;  peptone  20;  U.  \V.  850.  (2) 
Steam  20  miu.  (3)  Add  litmus  sol.  (S7-787)  5(1.  (l)  Add  tautiou-^ly 
N-1  sod.  hydro.-dde,  if  the  reaction  shows  acid,  until  the  neutial  tint 
returns.  (5)  Distribute  in  quantities  of  5  to  10  c.c.  into  T.  T.  containing 
inverted  fermentation  tubes.  (6)  Sterilize  for  not  more  than  20  min. 
on  each  of  three  successive  days. 

M4'516.' — (1)  Prepare  : — Lactose  20  ;  glucose  01 ;  di-siKl.  pliosjihate 
05  ;  amnion,  .sulphate  1  ;  sod.  citrate  2  ;  sod.  chloride  5  ;  i)eptone  0()5  ; 
azolitmin  005;   D.   W.    1000. 

Notes. — 'A  substitute  for  litmus  milk.     A  double  sugar  medium. 

M4*517.' — (1)  Prepare  : — Peptone  20  ;  5  per  cent  pot.  hydroxide  10  , 
gelatin  75 ;  T.  W.  1000.  (2)  Steam  45  min.  (3)  Filter.  (1)  Add  20  per 
cent  sugar  5  per  cent,  and  1  per  cent  neutral  red  0-5  per  ceut. 
(5)  Sterilize  10  min.  Zd.  at  lOOC. 

Notes. — 'For  differentiation  B.  coli  group  of  organisms  in  water  examination. 

M4-518.— (1)  Prepare  :— Bile  salt  5;  peptone  20;  T.  \V.  1000. 
(2)  Steam  2  hr.  (3)  Filter.  (4)  Add  20  per  ceut  sugar  5  per  cent  and 
1  per  cent  neutral  red  05  per  cent.     (5)  SterilizelO  min.  3 d.  at  lOOC. 

M4'519. — (1)  Prepare  : — Nutrient  agar  medium  containing  1  jjer 
cent  sugar.  (2)  Adjust  reaction  with  brom.  thymol  blue  indicator  to  a 
pH  value  68  to  72.  (3)  Add  as  indicator'  OWl  {xr  cent  brom.  cresol 
purple,  or  brom.  cres<jl  purple  aud  cre.sol  red  each  OtH.)05  per  cent,  or 
China  blue  G'0025  per  cejit,  or  China  blue  00025  per  cent  with  sod. 
rosolate   G'005    per   cent. 

Notes. — 'Keep  the  indicator  in  concentrated  ale.  stock  sol.  of  such  a  strength  thai 
a  definite  amount  can  be  measured  out  per  litn-  o(  miMlium,  c.f/.,  1  c.e.  of  I'O  i)tr  cent 
brom.  cresol  purple  per  litre  of    medium. 

M45-2  GLUCOSE  AND  MALTOSE:  M4-521.— (1)  Prepar'' 
No.  1  .sol.  :-  Peptone  5  grm.  ;  sod.  chloride  2'5  grm.  ;  U.  \V.  4«0  c.c. 
(2)  Sterilize  in  autoclave.  (3)  Filter.  (J)  Adjust  reaction  if  necessiiry. 
(5)  Prepare  No.  2  sol.  :— Glucose  5  grm.  ;  litmus  sol.  (S7*787)   20  c.c. 
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(())  \(\i[  No.  1  sol.  fo  No.  2  sol.  (7)  Filter  through  paper.  (8)  Steam 
10  mill.  (!))  Sterilize  by  filtration  throuj;li  a  eandle  into  a  fiasi<  witli  side 
tuhuliiro.  (10)  Distrihute  info  T.  T.  from  the  flasks.  (11)  Test  .sterility 
before  use. 

Notes. — 'Or  other  sugar. 

M4''522.' — (1)  Prepare  :— Granulated  peptone^  10;  commercial 
glucose*  U) ;  agar  18  ;  water  1000.  (2)  Raise  slowly  in  the  autoclave  to  a 
temperature  of  120C.  and  then  allow  to  fall  to  lOOC.  (3)  Shake,  to  mix, 
at  a  temperature  of  lOOC.  (1)  Have  in  readiness  2  one-litre  flasks  with 
funnels  and  thick,  filter  paper.  (5)  Place  these  flasks  in  the  hot  autoclave, 
(fi)  Filter.  (7)  Keep  the  unfiitered  medium  hot.  (8)  Replace  the 
funnels  and  filter  paper  by  new  funnels  with  filter  paper  as  soon  as 
filtration*  becomes  slow.  (8)  Repeat  the  jjrocedure  as  often  as  is  neces- 
sary.    (9)  Distribute  the  filtrate    into  T.  T.^ 

Noles.— 'Xo  adjustiueut  af  reaction  of  this  medium  is  required.  For  cultivation  of 
Tinrsa,  moulds,  Sporothri .■«,  etc.  ''Of  C'hassaing.  Use  any  peptone  which  is  available. 
^Chanut..  Use  any  glucose  whicli  is  available.  ^The  filtration  of  this  medium  is 
particularly  difficult  and  slow.  'The  tubes  should  not  be  capped  during  incubation 
(which  may  belong)  but  may  be  placed  in  a  covered  receptacle  with  its  cover  only  just 
ope  \ 

M4''523.— (1)  Prepare  :— Peptone'  Chassaing  10 ;  D.  W.  500. 
(2)  Prepare  : — French-  commercial  maltose  40  ;  agar  18  ;  water  500  ; 
peptone  water  500.  {^■^)  Clear  and  filter.^  (4)  Distribute  into  T.  T. 
or  flasks.     (5)  Sterilize. 

Notes. — 'An5'  peptone  may  be  used.  The  peptone  should  be  brought  into  suspension 
with  a  little  of  the  D.  W.  before  being  added  to  the  bulk  of  the  water.  Solution  should 
be  effected  by  gentle  heating.  *0r  ordinary  maltose  if  not  available.  The  maltose 
should  be  completely  dissolved  first  in  water  with  only  gentle  heat.  Add  tu  the  peptone 
water.  Dissolve  the  agar  in  the  sugar  peptone  water.  ^The  filtration  is  slow  and 
tedious,  vide  procedure  IVI4'522. 

M4-524.1— (1)  Mince  finely  ox  liver.  (2)  Add  500  grm.  to  1000  c.c. 
D.  W.  (3)  Heat  the  mixture  20  min.  at  a  temperature  not  exceeding 
50C.  (4)  Skim  ofi  fat  floating  on  the  surface.  (5)  Raise  the  temper- 
ature to  boiling  point.  (6)  Boil  10  min.  (7)  Pour  the  mixture  on  to  a 
wet,  tliick,  clean  cloth.  (8)  Collect  the  fluid  which  drains  through  the 
cloth  together  with  that  obtained  by  squeezing  the  nieat    in  the  cloth. 

(9)  Filter   the    fluid    collected  .through  well-wetted,  thick,  filter  pajjer. 

(10)  Ai'  to  the  filtrate,  peptone  lOgrm.  (11)  Bring  the  vol.  up  to  1000 
c.c.  by  the  addition  of  water.  (12)  Adjust  the  reaction.^  (13)  Steam 
30  min.     (14)  Filter,   while  hot,  through  well-wetted,  thick,  filter  paper. 
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d"))  Ail.l  to  tlu>  (iltnite  :  -Glucose  10  !;nn.  :  ili-poi.  |)lii)S|iliiiii.  |  j-nn. 
(IG)  Add.  if  roqiiireil.  1  c.c.  sterile  defibriiiatfil  r.il>l)its  lilodd  to  ,>.iili  l(i 
CO.  nie«liuni. 

Notes. — 'The  mriliiim  sniidificd  with  agar  ndjiistcd  to  1  per  cent  acid  to  phennl- 
phthaleiii  is  suitable  for  the  cultivation  of  B.  bitidus  iind  to  a  reaction  of  4  per  cent 
acid  til  phenulphthaleiu  for   the  cultivation  of  B.  acidophilus. 

M4'525.— (1)  Prepare:  Maltose  1;  wood  ash  5  ;  agar  1(> :  D.  \\ . 
IfHHX 

M4*526.'— (1)  Prepare:     Glucose    -JO:  sod.   siili)liiiidii;ot:ite    1.   ur 
sod.  formate   i  ;  nutrient  agar  UHlO. 
Notes. — 'For  aniprobic  culture. 

M4"527.' — (1)  Prepare: — Glucose^  1  ;  casein  digest  inediuin  (M4*73I) 
100.  (J)  Di.stribute  to  a  depth  of  1  in.  in  .small  T.  T.  containing  small 
fermentation  tubes.  (3)  Cover  with  1-4  in.  liquid  paraHin.  (4)  Steam 
90  min.     (H)  A-'d  before  u.se  '^  drops    alkaline  egg^  medium  (M2"822). 

(6)  Place  the  T.  T.  20  min.  in  boiling  water  before  use  to  e.\pel  free  air. 

(7)  Sow  by  means  of  a  capillary  pipette,  passed  through  the  jwraHin 
layer,  with  the  liquid  portion  of  vigorously  growing  meat  medium  (M3"51 ) 
cultures. 

Notes. — 'For  the  determination  of  the  Eugur  reactions  of  ana?robic  organisms.  ^Or 
other  sugar.  'Used  as  the  indicator  of  development  of  activity  ;  for  the  albumin  is 
precipitated. 

M4-528.— (1)  Prepare  :— Gluco.se   1  ;  bouillon'   100. 
Notes. — 'Ur    nutrient  agar  for  solid  medium. 

M4-53  LACTOSE:  M4-531.— ;l)  Prepare  :- Lactose  I; 
bouillon'  100. 

Notes. — 'llr  iituriiul  uuai  (m-  -i.lid  medium. 

M4*54.— SACCHAROSE. 

M4*55  MANNITE  :  M4-551.— (I)  Prepare  :— Mannitc  1  ;  pept.me 
20;  water  10(Kt.  (2)  .Make  neutral  to  litmus.  (.3)  Filter.  (1)  Add 
litmus  sol.  47-5.     (5)  Distribute  in  T.  T.     ((i)  Sterilize. 

M4'552.— (1)  Prepare  :— Mannitc  1;  bouillon'   HiO. 

Notes. — 'Or    nutrient  agar  for  solid  medium. 

M4'56  GLYCERIN  -i'l'     MS'l. 

M4-57  STARCH,  DEXTRIN,  INULIN  :  M4'571.'—(i)  .Macerate 
500  grm.  finely  minced  beef  in  1500  c.c.  water  in  the  ice  chest  overnight. 
(2)  Filter  through  doubled  gauze.  (3)  Bring  the  filtrate  to  the  boil  and 
add   agar  1-5  jier  cent.     (4)  Boil    25   min.      (5)  Estimate   and   adjust 
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reaction  to  0-5  per  cent  acid  to  pheuolphthalein.  (6)  Clarily  and  filter. 
(7)  Add  1  per  cent  starch.  (8)  Steam  45  min.,  shaking  3  times  during 
this  period  to  distribute  the  starch.  (9)  Distribute  into  T.  T.  (10)  Ste- 
rilize 15  min.  at  10  lb. 

Notes. — 'There  should  be  abiuKlaiice  of  water  of  coudensation  developed,  and  the 
agar  must  not  exceed  1'5  per  cent.  Used  for  cultivation  of  gonococcus.  For 
cultivation  of  meningococcus  add  1  per  cent  glucose  and  colour  the  medium  with 
litmus  sol.     The  meningococcus  acidifies  the  glucose  while  M.  catarrhalis  does  not. 

M4"572. — (1)  Prepare  : — Water  soluble  starch  2  ;  bouillon  or  nutrient 
agar  1000. 

M4-573.1— (1)  Prepare  :— Starch  10;  meat  extract  (M3'61)  1000, 
Oi  per   cent    to  plienolphthalein. 

Notes. — 'For  cultivation  of  gonococcus. 

M4'574.' — (1)  Prepare  : — Peptone  20  ;  sod.  bicarbonate  1'5  ;  agar 
30  ;  water  1000.  (2)  Filter,  while  liot,  through  well-wetted,  tliick,  filter 
paper.  (3)  Make  a  suspeu.sion  of  potato  starch  10  with  a  little  of  the 
hot  filtrate  and  add  to  the  bulk  of  the  filtrate.  (4)  Mix.  (5)  Sterilize 
at  lOOC.  3  d.  (6)  Add,  \rith  sterile  precautions,  sterile  litmus  sol. 
(S7"783)  to  the  hot  melted  starch  agar  to  give  the  necessary  colour. 
Notes. — 'For  differentiation  of  V.  cholerae. 

M4"575.' — (1)  Make  a  paste  or  suspension  : — Corn  flour  starch  10  ; 
meat  extract  (M3-61)  200,  with  heat.     (2)  Heat  20  min.  at  20  lb.  pressure. 

(3)  Prepare  : — Starch  suspension  200  ;  peptone  10  ;  sod.  chloride  5  ; 
meat  extract  (M3"61)  800.  (4)  Steam  45  min.  (5)  Make  the  reaction 
0-2  per  cent  acid  to  pheuolphthalein.  (6)  Steam  30  min.  (7)  Filter, 
while  hot,  through  well-wetted,  thick,  filter  paper.  (8)  Add  sat.  litmus 
sol.  to  make  a  deep  blue  colour.  (9)  Distribute  into  T.  T.  (10)  SteriUze 
20  min.  at  lOOC.  3  d. 

Notes. — 'For  cultivation  of  meningococcus. 

M4'576. — (1)  Prepare  a  10  per  cent  sol.  of  inulin.  (2)  ^Sterilize  15 
min.  at  15  lb.  (3)  Prepare  : — 10  per  cent  inulin  sol.  1  ;  scrum  water 
(M2-311)  10.     (4)  Sterilize  20  min.  at  lOOC.  3  </. 

Notes. — 'For  differentiation  of  pncumococci  from  streptocoeci. 

M4-58  MALT  EXTRACT  AND   BEER   WORT  :     1VI4-581.1— (1) 

Prepare  :— Crushed  malt  1  ;  D.  W.  at  70C,  4.  (2)  Keep  60  min.  at  60C. 
in    a    flask    closed    with  a   rubber    cork.     (3)    Strain    through    muslin. 

(4)  Steam  30  min.     (5)  Filter.     (6)  Sterilize  20  min.  at  100  C.  3  d. 
Notes. — 'For  cultivation  of  yeasts,  moulds,  trichophyta,  etc. 
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M4,582*— (1)  Prrjiaro  :— Malt  oxtraot  25  :  water  1000. 

M4*583"'— (1)  Pio])aio  .--Agar  1-5  :  beer  wort  diliitiHl  to  S.  (i.  1 1(>0, 
100. 

Note. — 'For  cultivation  of  triohophyto,  moulds,  yeasts,  etc.  ,"  , 

M4.584.— (1)  Proparo.— Malt   1;  water   10. 

M4.6  SUGAR  FREE  :  M4*61.— (1)  Sow  bouillon  with  B  coli. 
(2)  Incubate  2t  hr.  (3)  Boil  20  min.  (4)  Make  a  paste  or  suspension 
of  about  15  grni.  purified  talc  with  a  little  of  the  dead  bouillon  culture. 
(5)  Add  the  suspension  to  the  culture.  -  (6)  Filter  an<l  refiltcr  through 
filter  pper  till  clear.     (7)  Distribute  into  T.  T.     (8)  Sterilize. 

M4'62. — (1)  Use  a  peptone  niediuin  (M411,  etc.)  or  .serum  water 
(M2-311)  or  lemco  bouillon  (M4*512). 

M4'63. — (1)  Prepare  boiullon  1  per  cent  acid  to  phenol phthalein 
from  ox  heart  which  has  been ''  hung "  2  d.  (2)  Sow  with  B.  lactis 
a?rogenes.  (3)  Incubate  48  hr.  (4)  Steam  20  min.  (5)  Make  reaction  1 
per  cent  acid  to  pheuolphthalein.  (6)  Sow  with  B.  coli.  (7)  Incubate 
48  hr.  (8)  Steam  20  min.  (9)  Test  for  absence  of  sugar  by  cultivation 
of  B.  coli  or  B.  lactis  terogenes,  using  fermentation  tubes.  (10)  Leave 
in  a  cool  place  for  the  growth  to  sediment.  (11)  Filter  the  S.  N.  F. 
through  thick,  filter  paper  or  through  a  porcelain  candle.  (12)  Distribute 
into  T.   T.     (13)  Sterilize. 

M4*64.— (1)  Sow  meat  extract  (M3-61)  with  B.  coli.  (2)  Incubate 
24  hr.  (3)  Boil  20  min.  (4)  Filter.  (5)  Add  peptone  2  per  cent  and 
sod.  chloride  05  per  cent.     (6)  Make  neutral  to  phenolphthaleiii. 

(7)  Test'   for  freedom  from  .sugar. 

Note. — 'Sow  with  B.  coli,  incubate,  and  observe  absence  of  gas  formation. 

M*4-65.— (1)  Mince    finely   fat-free    veal.     (2)    Ac'd     500  grm.   to 

1000  c.c.  T.  W.     (3)  Add  an  18  hr.  culture  of  B.  coli.     (4)  Incubate 

20  hr.  at  22  C.     (5)  Heat  the  mixture  2  hr.  at  a  temi)erature  not  exceeding 

50   C.     (6)  Skim  ofl    fat  on   the  surface.     (7)  Raise  to  boiling   point. 

(8)  Boil  10  min.  (9)  Pour  the  mixture  on  to  a  wet,  thick,  clean  cloth. 
(10)  Collect  the  fluid  which  drains  through  the  cloth  together  with  that 
obtained  by  squeezing  the  meat  in  the  cloth.  (11)  Filter  the  fluid  col- 
lected through  well-wetted,  thick,  filter  paper.  (12)  Add  to  the  filtrate  :— 
Peptone  20  grm.  ;  sod.  chloride  5  grm.  (13)  Bring  the  vol.  up  to  KXH)  c.c. 
(14)  Make  the  reaction  12  per  cent  acid  to  jihenolphthalein.  (15) 
Steam  30  min.  (16)  Filter  while  hot,  through  well- wetted  thick,  filter 
paper.     (17)  Distribute  the  filtrate  into  T.  T.  or  flasks.      (18)  Sterilize. 

J.   MR  S 
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M4.7  TRYPSIN  DIGEST  :     M47  1  MEAT.i 

Note. — 'Includes  flosh  of  "all  kinds,  ox,  horse,  sheep,  or  goat  flesh,  heart,  placenin, 
etc. 

M4*711. — Mince  finely  an  average  sized  ox  heart.  (2)  Add  to  400  c.c. 
T.  W.  (?,)  Heat  slowly  to  75C.  (4)  Allow  to  cool  to  45C.  (5)  Add 
trypsin  sol.'  to  1  per  cent.  (0)  Place  in  incubator  2|-  hr.  (7)  Test 
for  peptone  by  the  biuret  test."  (8)  Make  faintly  acid  to  litmus  with  4 
per  cent  acetic  acid.  (9)  Boil  1.^  min.  (10)  Allow  the  solid  matter  to 
settle.3  (11)  Pour  oft"  the  S.  X.  F.  (12)  Add  :— Sod.  chloride  1  grm.  ; 
calc.  chloride  0'5  grm.  (13)  Make  faintly  alkaline  to  litmus.  (14)  Steam 
45  min.  (15)  Bring  up  to  original  vol.  (16)  Adjust  the  reaction 
(17)  Steam 30  min.  (18)  Clarify  and  filter  (MS'l).  (19)  Distribute* 
into  T.  T.     (20)  Sterilize. 

Notes. — 'e.y.,  Liq.  trypsin  C'i>.  (A  and  H).  ^Add  1  c.c.  .')  per  cent  copper  sulphate 
to  5  CO.  tryijsin  digest,  followed  by  .">  c.c.  N-1  pot.  hydro.xide.  Note  tlie  colour  change. 
If  the  colour  is  pink,  peptonization  is  complete,  if  bluish  purple  incomplete.  'Or  simply 
strain  through  cloth.  *The  medium  maj'  be  solidified  in  the  ordinary  way  with  agar. 
.■\dd,  if  desired,  to  the  agar  filtrate  at  50C.  before  distributing  it  into  T.T.,  5  per  cent 
sterile  pea  extract  (M  4"8221)  and  25  per  cent  sterile  rabbit  or  horse  serum.  With  this 
addition  the  medium  becomes  suitable  for  the  growth  of  organisms  such  as  the  menin- 
gococcus. 

M4'712. — (1)  Mince  finely  ox  heart  or  human  placenta.  (2)  Add 
.500  grm.  to  1000  c.c.  T.  W.  (3)  Make  faintly  alkaline  to  litmu.s.  (4)  heat 
slowly  to  75C.  and  maintain  at  this  temperature  10  miu.  (5)  Cool 
to37C.  (6)  Add  pancreatic  extract  (T7-1)  to  1  or  2  percent,  (7)  Keep 
at  37C.  4  hr.i  (8)  Control  the  progress  of  digestion  by  biuret-  aiid  tryp- 
tophane* tests.  (9)  Make  faintly  acid  to  litmus  with  glacial  acetic  acid_ 
(10)  Raise  slowly  to  the  boiUng  point.  (11)  Boil  gently  15  min. 
(12)  Filter.  (13)  Adju.st  the  reaction.  (14)  Add  02  per  cent  di-pot. 
phosphate.     (15)  Steam  20  min.     (I'i)  Clarify  and  filter.     (17)  Sterilize. 

Notes. — 'If  the  digestion  is  extended  to  fi  lir.  or  longer  it  is  necessary  to  add 
clilorofonn  or  toluene.  ^Add  0"1  c.c.,  5  per  cent  copper  sulphate  to  5  c.c.  filtered 
digest  and  .5  c.c.  N-1  sod.  hydroxide.  A  pink  colour  indicates  complete 
lieptonizatiou.  'Add  slowly  bromine  water  to  10  c.c.  neutralized  and  filtered  digest 
till  the  maximum  purple  colouration  is  obtained.  Vide  also  IVI3-9232. 

M4*713.— (1)  Mince  finely  fat-free  horse  heart.  (2)  A<ld  500  grm. 
to  1000  c.c.  water.  (3)  Make  faintly  alkaline  to  litmus.  (4)  Heat 
slowly  to  75C.  (5)  Allow  to  cool  to  45C.  (fi)  Add  trypsin  sol.  to  1  per 
cent  and  35  c.c.  chloroform.  (7)  Place  in  a  loose  stoi^pered  bottle. 
(8)  Keepi  10  d.  at  37C.  with  daily  shaking.  (9)  Add  at  the  end  of  the 
time  trypsin  sol.  again  to  1  per  cent.     (10)  Keep^  a  further    period  of 
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10  rf.  rtt-  :^7C'.  without   shakiup.     (11)  Mike  /aintly  mid  to  litmns  with 

4  per  cent  acetic  acid.  (12)  Boil  15  niin.  (I'J)  Allow  the  solid  matter 
to  settle  bv  placing  in  the  ico  chest  overnight.  (Ih  Pour  oft' tiie  S.  N.  F. 
or  filter  through  well-wetted,  thick,  filter  pjiper.  (15)  Make  tiie  reaction 
1*2  J5er  cent  arid  to  ])henolph'^halein.  (Ifi)  Steam  45  inin.  (17)  Filter, 
(18)  Sterili.-ie. 

Notes. — >T!io  r.Motioii  must  bo  frocmciitly  tested  nnd  made  faintly  alkaline  tolitmns. 

M4-72   PUTRESCED  MEAT  :  M4-721-'     (1)  Mince  finely  fat-free 

l)eef  or  rabhit  He-;h.     (2)  Add  oWJ    crni.  to  10(.)0  c.c.  water    containin'j 

5  gmi.  .sod.  carbonate.  (3)  Place  in  incubator  20  hr.  (4)  Make  faintlv 
alkaline  to  litmn>.  (5)  Add  trypsin  .sol.  to  2  ])er  cent,  (fi)  Place  in 
the  incubator  for  a  further  20  !ir.  (7)  Filter  through  well- wet  ted.  thick, 
filter  paper.  (8)  Make  faintly  acid  to  litmus.  (9)  Steam  or  boil  45  min. 
(10)  Filter  thi-ough  well-wetted,  thick,  filter  pajier.  (11)  Bring  the  vol. 
up  to  1000  c.c.  (12)  Make  neutral  to  phenolphthalein.  (13)  Steam 
30  min.  (1 1)  Filter,  while  liot-thrnugh  well,  wetted,  thick,  filler  papei.' 
(15)  Distribute  the  filtrate  into  T.  T.  (10)  Ai'd  ju.st  before  u.se  l-lfith 
jiart  of  fresh  sterile  rabbit  kidney.  (17)  U.se  as  soon  as  possible  after 
the  addition   of  the   kidney. 

Notts. — 'For  cultivatiou  of  anserobic  organisms.  *Occaf  ionally  it  may  be  necossarj- 
to  filter  through  a  Doulton  eandlc. 

M4'722.'— (1)  Mince  finely  fat-free  lean  meat.  (2)  Ad<l  5<K)  grin. 
to  lOfKl  c.c.  T.  W.  (3)  Heat  the  mixture  20  min.  at  a  temperatnie  not 
excee<ling  50C'.  (I)  Skim  off  fat  floating  on  the  surface.  (5)  Kai.'C  the 
temiierature  ra])idly  to  boiling  point,  (fi)  Boil  10  min.  (7)  .Make 
faintly  alkaline  to  litmus.  (8)  .\dd  tryp.sin  sol.  to  2  per  cent.  (0)  Place 
in  incubator  in  an  open  ve.ssel  4  il.  (10)  Filter  through  well-wetted,  thick, 
filter  jxiper.  (11)  Bring  the  vol.  to  1000  c.c.  by  the  addition  of  water. 
(12)  Make  neutral  to  phenolphthalein  at  R.  T.  (13)  Sterilize  by  filtration 
through  a  Berkcfeld  and  a  Doulton  candle  in  series.  (14)  Store^  the 
medium  in  sterile  flasks  under  a  layer  of  paraffin  fo  which  sod.  formate 
has  been  adde<l  to  the  extent  of  1  per  cent  of  the  total  vol.  of  the  nie<lium. 

(15)  Test  the  sterility  of  the  medium  before  use  by  ana-robic  cuHure. ' 

(16)  Arid  before  use  l-lfith  jort  of  fre.sh  .sterile,  rabbit  Iddney*  to  5  c.c. 
medium.     (17)  U.se  as  soon  as  pos.«ible  after  the  addition  of  the  kidney. 

Notes.— 'A  medium  which  inhibits  the  growth  of  7?.  aporogenen.  For  cnltivatlnn  of 
B.  tetani.  atoxic  round  end  sporing  >>aeilli,  and  certain  oral  end  aporinp  Imiilli.  'W  ill 
keep  about  3  weelu.  'Incubate  at  least  7  <f.  'With  kidney  added,  incubation  may  Iw 
serobic. 
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M4'73  CASEIN  :  M4"731.— (1)  Add  gradually  100  gnu.  commftrcial 
casein  to  fjOO  c.c.  boiling  water  containing  08  [ur  cent  anhydrous  sod. 
carbonate.'  (2)  Raise  the  temperature  to  boiling  point.  (3)  Add  500  c.c. 
cold  water.  (4)  Make  the;  reaction  faintly  alkaline  to  litmus.  (5)  Allow 
to  cool  to  45C.  (6)  Add  400  c.c.  pancreatic  extract  (T5'l)  to  the 
mixture.  (7)  Keep  4  hr.  at  37C.  (8)  Raise  the  temperature  to  boiling 
point.     (9)  Pour  the  digest   mixture   on   to   a    wet,  thick,  clean  cloth. 

(10)  Collect  the  fluid  which  drains  through  tho  cloth  together  with  that 
obtained  by  squeezing  the  cloth.  (11)  Filter  the  fluid  collected  through 
well-wetted,  thick,  filter  paper.  (12)  Bring  the  vol.  up  to  1000  c.c.  by  the 
addition  of  water.  (13)  Add  2-5  grni.  sod.  chloride  and  0-12.5  gnu.  calc. 
chloride.  (14)  Adjust  the  reaction.  (15)  Steam  30  min.  (16)  Filter, 
while  hot,  through  well-wetted,  thick,  filter  paper.  (17)  Sterilize  in 
autoclave.  Add  to  30  c.c.  sterihzed  casein  digest  in  large  T.  T.  4  grm. 
desiccated  agar.  (19)  Sterilize  in  autoclave.  (20)  Add  the  sterilized 
solution  of  agar  in  quantities  of  30  c.c.  to  casein  digest  already  sterilized 
in  quantities  of  70  c.c.  in  round  quart  bottles.  (21)  Sterilize  in 
autoclave.     (22)  Make  a  roll  culture.^ 

Notes. — 'Ordouble  the  quantity  of  washing  soda.  ^The  preparation  of  rolled  culture 
in  bottles  is  of  special  service  for  large  scale  preparation  of  vaccines. 

M4*732. — (1)  Prepare  as  a  suspension  in  a  well  stoppered  bottle  : — 
casein  1  ;  D.  W.  10.  (2)  Shake  well  to  break  up  clumps.  (3)  Adjust 
the  reaction  if  necessary  with  the  help  of  cresol  red'  (S7*781)  and  phenol- 
phthalein  (S7*771)  indicator  solution.  (4)  Add  per  litre : — Pancreatic 
extract  (T5*l)  60  c.c.  ;  toluol  5  c.c.  (5)  Shake  to  mix.  (6)  Digest  at 
39  C.IO  d.,  with  daily  shaking  and  addition  of  more  toluol  if  necessary. 
(7)  Add  per  litre,  100  c.c.  7'5  per  cent  hydrochloric  acid.  (8)  Steam 
20  min.  (9)  Filter  through  well-wetted,  thick,  filter  paper.  (10)  Make 
the  reaction  nearly  neutral  to  litmus  with  5  per  cent  sod.  hydroxide. 

(11)  Preserve    as    stock    tryptic     broth    or    stock     ''  tryptamine.  " 

(12)  Dilute  for  use  — "  tryptamine  "  1  ;  water  2  =  tryptamine  bouillon. 

Notes. — *The  optimum  reaotionfor  the  tryptic  digestion  of  casein  is  about  pH  =  8-1 
at  which  point  cresol  red  indicator  sol.  gives  a  reddish  violet  colour  and  phenol  phthalein 

remains  colourless. 

M4'733.— (1)  Add  very  gradually  200  grm.  casern  to  1000  c.c.  boiling 
water  containing  20  grm.  anhydrous  sod.  carbonate.  (2)  Allow  to  cool 
to  45  C.  (3)  Add  pancreatin  3  grm.  or  pancreatic  extract  (T5*l)  50  c.c.  ; 
chloroform  15  c.c.  (4)  Place  in  incubator  5  d.,  shaking  vigorously  each 
day  to    break    up    clumps.     (5)  Add    again    pancreatin  3    grm.    or 
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pancreatic  extract  50  c.c.  (G)  Place  iii  incubator  again  for  10  d. 
(7)  Ada  400  c.c.  N-1  hydrochloric  acid.'  (8)  Steam  30  min.  (9)  Filter, 
while  Lot,  through  well-wetted,  thick,  filter  jiaper.  (10)  Add  12(1  c.c. 
N-1  sod.  hydroxide  to  tlie  filtrate.  (11)  Adju.st  reaction.  (12)  Dilute 
for  u.«e  1-3  with  OT)  per  cent   sod.    chloride.     (13)  Sterilize. 

Notts. — 'Or  400  c.c.  pure  concentrated  hydrochloric  acid  dilated  with  350  c.c. 
water. 

M4-734.' — (1)  Add  20  c.c.  sterile  human  or  rabbit  blood  to  100  c.c. 
D.  W.  in  a  flask  furnished  with  a  rubber  cork  and  containing  glass  beads. 

(2)  Shake    \-igorously    to    prevent    formation    of  large    fibrin    masses. 

(3)  Add  : — Pancreatic  extract  (T5*l)  5  c.c.  ;  enterok-inase  sol. 
(T5*5)  5  c.c.  chloroform  1'5  c.c.  (-1)  Shake  to  mix.  (5)  Incubate  8  d. 
with  daily  shaking  for  the  first  3  d.  (6)  Remove  the  flask  without 
disturbing  the  sediment.  (7)  Pipette  off  for  u.se,  with  sterile  precautions, 
as  much  clear  S.  N.  F.  as  possible.  (8)  Filter  the  remainder  through 
sterilized,  filter  iMjier.  (9)  Prepare  : — Sterile  blood  fluid  digest  at  45C.,  1 ; 
melted  tryp-ciisein  agar  (M4*731)  at  45C.,  \. 

Notes. — 'For  cultivation  of  B.  influenzae. 

M4'74  BLOOD:  M4-741.— (1)  Obtain  ox  or  sheep  blood  from 
the  slaughterhouse.  (2)  AJlow  to  clot.  (3)  Decant  and  store  the 
serum  in  an  ice  chest.  (4)  Mince  the  clot.  (5)  Add  500  gnu.  clot  to 
1000  c.c.  D.  W.  (6)  Heat  the  mixture  20  min.  at  a  temperature  not 
exceeding  50C.  (7)  Raise  slowly  to  boiling  temperature.  (8)  Boil 
10  min.  (9)  Pour  the  mixture  on  to  a  wet,  thick,  clean  cloth. 
(10)  Collect  the  fluid  which  drains  through  the  cloth  together  with  that 
obtained  by  squeezing  the  cloth.  (11)  Cool  to  37C.  (12)  Make  slightly 
alkaline  to  Utnms.  (13)  Add  pancreatic  extract  to  1  jier  cent. 
(14)  Keep  at  37C.  for  6  to  48  hr.  (15)  Proceetl  further  as  from  step 
(5)  of  M3-923. 

NotM. — 'Dseful  for  primary  isolation  of  delicate  organising  especially  when  cleared 
with  decanted  serum. 

M4-75  BLOOD  SERUM:  M4-751.—(l)  Prepare  :— Ox  or  sheep 
serum  1  ;  T.  W.  1.  (2)  P.oil  till  the  iiii.xture  becomes  milky.  (3)  Ad<l 
to  the  mixture  pancreatic  extract  (T5*l)  to  10  percent.  (4)  Digest  at 
60C.  overnight.  (5)  Filter  through  thick,  filter  paper.  (G)  Distribute 
into   T.    T.     (7)  Sterilize    in    autoclave. 

M4-76  TRYPTOPHANE  :  M4-761.'—  (1)  Prepare  :-TrvptojJiane 
0-3;   ili-uot.    j)Iios|.li;it.'   .")  ;    watiT    KXXJ. 

Notts. — 'Used  for  indol  production  test. 
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M4'8  VEGETABLE,  FRUIT  GRAIN:  M4-81  POTATO, 
CARROT,  TURNIP:  IVI4-811.— (I)  Scrub  a  munher  of  potatoes  of- 
iiubroken  skin  thoroughly  witli  a  stiff  bru,-:h.  (2)  Cut  off  the  outer  skin. 
(3)  Cut  out  of  the  potato  with  a  potato  borer  a  cylinder  of  about  3  to  4  in. 
diameter.  (1)  Divide  the  cylinder  diagonally  into  two  parts.  (.5)  Wash 
in  runnino;  water  overnight,  (fi)  Place  each  half  cylinder'  in  a  large  T.  T. 
or  potato  tub"  cotitainiug  at  tiie  liottoni  tliotouglily  wet  cotton  wool. 
(7)  St'iilize  20  niin.    at  120C. 

Notes. — 'To  obtain  glyceriuated  potato,  soaU  tlic  cut  out  cylinder  in  l>  pi-r  cent 
glycerin  and  soak  the  wool  iu  the  T.  T.  also  in  (i  jier  cent  f;l3'Ccrin. 

M4-812.-(L)  Wash  and  scrub  the  lotatd  tliorouglily.  (2)  Peel 
and  remove  eyes.  (3)  Prei)are  cylinders  l)y  niearis  of  an  ajjple  corer  or  a 
large  cork  borer.  (I)  Divide  llio  cylinder  diagonally  into  two  parts. 
(5)  Soak  for  not  more  tiian  21  lir.  iu  1-lOflO  sod.  carbonate.  (6)  Place  on 
top  of  sterilized  cotton  won]  uioistcncd  with  steiilc  water  in  the  bottom 
of    a    tube.     (7)  Sterilize. 

M4-813.  (1)  <Jrnte  linely-washed.  peeled  potatoes.  (2)  Add 
lUUU  gnu.  to  lUUOc.c.  water.  (.-J)  Heat  tiic  mi.xture  2U  min.  to  a  tem- 
])erature  not  exceeding  noC.  (l)llfiise  to  boihng  temperature.  (.5)  Boil 
JO  uiiu.  ((■))  Pour  the  mi.xture  on  to  a  clean,  thick  cloth.  (7)  Collect 
tlie  fluid  wliicli  draius  through  the  cloth  together  with  that  obtained 
by  squeezing  the  doth.  (8)  Filter  the  fluid  collected  through  thick, 
filter  paper.  (9)  Add  the  filtrate  to  an  equal  quantity  of  D.  W.  (10) 
Steam  (JO  miu.  (11)  Add  glycerin  to  1  percent.  (12)  ?ili.\  well.  (13) 
Filter.     (U)  J)istribute   into    T.  T.     (15)  Sterilize. 

M4-814.  (1)  Cover  a  Jialf  cylinder  of  potato  with  (i  per  cent 
glycerin.  (2)  Steam  30  min.  (3)  Discard  the  fluid  covering  the  potato. 
(1)  Sterilize  30  miu.  at  lOdC. 

M4-815.  (1)  Soak  diagonally  cut  cylinders  of  potato  iu  f-lOOO  sod. 
carbonate  21  lir.  (2)  Transfer  to  .j  per  cent  glycerin  24  lir.  (3)  Dis- 
tribute iu  T.  T.  containing  a  pledget  of  wool  at  the  bottf)Ui.  (4)  Fill 
up  the  tubes  witli  the  5  per  cent  glycerin.  (-5)  Sterilize  3  d  at  lOOC. 
((■>)  Pour  off  the  glycerin  at  the  time  of  use. 

IVI4*816.— (1)  Scrub  a  number  of  potatoes  with  unbroken  skin 
thoroughly  with  a  .stiff  brush.  (2)  Cut  off  the  outer  skin.  (3)  Cut  into 
slices  about  10-15  mm.  tluck.  parallel  to  their  long  axe.s.  (5)  Dry  the 
slices  with  filter  paper.  (G)  Lay  them  in  Petri  dishes.  (7)  Sterilize  25 
miu.  at  120C. 
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M4"817.  -(1)  VvA  i^tatoes.  (2)  Cut  into  large  jHeies.  (3)  Boil 
ill  wator.  (I)  Pass tlirough  a  grater.  (5)  Distribute  the  grated  material 
in  ;i  lavi-r  in  Petri  dishes.     (('»)  Sterilize  20  niin.  at  120C. 

M4'818.  (1)  -Mince  finely  well  \va.shetl  carrots.  (2)  Press  nut  the 
juice  from  the  minced  carrot.     (3)  Prepare: — Carrot  juice  4  ;  water  1. 

(1)  Add  agar  to  3  per  cent.  (5)  Steam  45  min.  (6)  Clear  with  white 
of  egg.  (7)  Adjust  rejiction.  (8)  Filter.  (!>)  Distribute  into  T.  T. 
(1(1)  Sterilize. 

M4-819.-(l)  Grate  liuely-washed.  peeletl  potatoes.  (2)  Add  2 
{wrts  4  per  cent  glycerin  to  1  part  potato  gratings.  (?>)  Boil.  (4)  Filter. 
(5)  Use  the  filtrate  as  potato  extract. 

M4-82PEA,  BEAN:  M4*821.     (1)    Mince     finely  haricot  beans. 

(2)  A(ftl  2;jl)  grm.  to  ItKMt  c.c.  D.  \V.  or  clear  T.  W.  (:5)  Heat  the  mixture 
20  min.  at  a  temperature  not  exceeding  50C.  (4)  Raise  the  temperature 
to  boiling  point.  (5)  Boil  10  min.  (G)  Add  1  c.c.  1  per  cent  sod. 
bicarbonate.  (7)  Add  s(xl.  chloride  10  grm.  (8)  Steam  45  min.  (9)  Bring 
the  vol.  up  to  1000  c.c.  by  addition  of  D.  W.  (10)  Filter,  while  hot, 
through  thick,  filter  paper.  (II)  Add  saccharose  20  grm.  (12)  Distri- 
bute into  T.  T.     (13)  Sterilize. 

M4-822.'— (1)  Prepare:— Pea  flour  50;  sod.  chloride  100;  D.  W- 
1000.  (2)  Steam  30  min.  with  occasional  stirring.  (3)  Filter  througii 
thick,  filter  paper.  (1)  Sterilize.  (5)  Use  in  5  per  cent  addition  to 
tryijagar  (M4-71). 

Note. — 'Usedas  an  additiou  tu  uutriciit  rueilium  (or  tliu  cultivuUou  ol  llie  meuiii- 
yococcus. 

M4*83  BANANA,  PRUNE,  RAISIN:  M4-831.-(l)  Mince  finely 
Iwnanas,    piunes,    or    raisin>.     (2)  .V>ld    75    girn.    lo    1000  c.c.    water. 

(3)  Heat  the  mixture  20  min.  at  a  temperature   not    e.xceetling    50C. 

(4)  Puii.se  the  temperature  to  boiling  point.  (5)  Boil  10  min.  (0)  Strain 
tlie  fluid  through  a  thick,  clean  cloth  and  squeeze  out  the  residue  of  the 
fluid.  (7)  Adjust  the  reaction.  (8)  Filter  through  well-wcttetl,  thick, 
filter   ijapr.     (li)  Distribute   into   flasks   or   T.  T.     (10)  Sterilize 

M4-832. -(1)  Use  banana  in  the  form  of  .  iit  .viindnr  or  as  !(•  per 
cent    pulp   inrorporattni   with    nutrient    agar. 

M4-84  FLOUR,  BREAD  :  M4-841.  (1)  Prepare  :  Wheat  Hour 
15<J  ;  nuiL'.  sulphate  05;  put.  nitrate   I  ;  glucose  15;  water  KXKI. 

M4-842.— (1)  Add  just  as  much  D.  W.  to  stale  bread  cmmbs  as  they 
will  soak  up.     (2)  Sterilize  in  the  autoclave. 
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M4"843.— (1)  Place  a  layer  half  an  inch  thick  of  stale  bread  crumbs 
on  the  bottom  of  a  flask.  (2)  Add  just  as  much  water  as  they  will  soak 
up.     (3)  Sterilize  30  min.  at  lOOC,  3  d. 

M4'844.— (1)    Prepare  :— Grated  bread  2  ;  water   1. 

M4-845.— (1)  Soak  slices  of  white  bread  in  D.  W.  (2)  Place  in 
covered  glass  dishes.     (3)  Sterilize  20  min.  at  115C. 

M4-85  YEAST:  M4'851.—(l)  Prepare  :— Yeast  ash  10;  ammon. 
tartrate  10;  saccharose  100;  D.  W.  1000. 

M4-852.— (1)  Prepare  :— Pressed  yeast  75  ;  D.  W.   1000. 

M4-853.— (1)  Add  100  grm.  yeast  to  1000  c.c.  water.  (2)  Boil 
10  min.  (3)  Filter  through  well-wetted,  thick,  filter  paper.  (4)  Adjust 
the  reaction.     (5)  Distribute  into  flasks  or  T.  T.     (6)  Sterilize. 

M4-854.— (1)  Keep  100  grra.  yeast  at  500.  24  hr.  or  till  liquefaction 
is  complete  by  autolysis.  (2)  Dilute  with  water  to  400  c.c.  (3)  Steam 
30  min.  (4)  Adjust  reaction.  (5)  Filter.  (6)  Make  up  the  vol.  to 
1500  c.c.     (7)  Solidify  with  agar. 

M4*855.^ — (1)   Prepare  : — Baker's  or  brewer's  yeast  1  ;  water  10. 

(2)  Heat  the  mixture  20  min.  at    a   temperature    not  exceeding  50C. 

(3)  Steam  2  hr.  (4)  Filter  and  refilter  through  well-wetted,  thick,  filter 
paper.  (5)  Prepare  : — Yeast  decoction  at  15C.,  2  ;  melted  2"5  per  cent^ 
agar  sol.^  of  reaction  pH  =  7' 4,  3.     (6)  SteriHze  in  autoclave. 

Notes. — ^  For  cultivation  of  nieuingococcus.  -With  a  semi-liquid  agar  (0'5  percent) 
viability  can  be  preserved  with  stab  cultures  much  longer  than  with  a  stifEer  agar.  'With 
or  without  addition  of  peptone  and  sod.  chloride. 

M4*856.' — (1)  Make  a  suspension  : — Drained  or  ceutrifuged  brewer's 
yeast  200  grm.  ;  water  1000.     (2)  Add  di-hydrogeu  sod.  phosphate  2  grm. 
(3)  Adjust  reaction.     (4)  Add   5  c.c.   chloroform.     (5)  Keep  48  hr.   at 
37C.  with  occasional  shaking.     (f3)  Distribute  into  T.  T. 
Note. — 'Yeast  autolysate. 

M4'857.— (1)  Prepare  :— Baker's  yeast  1  ;  water  5.  (2)  Boil  20  min. 
with  vigorous  stirring.  (3)  Place  in  a  tall  glass  vessel  24  hr.  (4)  Decant 
the  S.  N.  F.     (5)  Make  neutral  to  litmus. 

M4*858.i— (1)  Prepare  :— Peptone  20;  sod.  chloride  5;  N-1  sod. 
hydroxide  7  r  yeast  extract^  (M4*857)  1000. 

Notes. — 'For  production  of  diphtheria  toxin.  ^A  meat  extract  i\eutralized  to  litmus 
and  made  from  the  best  steak  is  also  used. 

M4-86  HAY,  STRAW  :  M4-861.  (1)  Prepare  --Dried  chopj^ed 
hay  10 ;  D.  W  1000,  in  a  well-stoppered  bottle.  (2)  Heat  to  70C. 
(3)  Close  tightly  ^\^th  stopper.     (4)  Heat  3  hr.  at  60C.  on  a  water  bath. 
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(5)  Steam  60  rain.     (G)  Filter  througli  thick,  tilter  paper.    (7)  Distribute 
into  T.  T.     (8)  Sterilize 

M4-862.  (1)  Mince  finely  l»ay  or  straw.  (2)  Add  1.")  to  H)  grni. 
to  1000  c.c.  water.  (3)  Heat  the  mixture  at  a  tempeniture  not  exceeding 
50C.  (4)  Raise  the  temperature  rapidly  to  boiling  point.  (5)  Boil 
10  luin.  (6)  Adjust  reaction.  (7)  Filter.  (8)  Distribute  into  flasks 
or  T.  T.     (9)  SteriUze. 

M4-863.'— (1)  Prepare  :— Agar    l.j  ;   straw  decoction    1000. 
Notes. — 'For  cultivation   of    amoeba?. 

M4-87  VITAMINE,  HORMONE  :  M4-871.1— (1)  Prepare  :— Finely 
niincctl  ox  heart  500  ;  peptone  10  ;  sod.  chloride  5  ;  contents  of  one  egg  ; 
prepared  agar  (Ml'll)  16^  ;  water  1000.  (2)  Heat  at  a  temperature 
not  exceeding  68C.  till  the  red  colour  of  the  mixture  turns  to  brown. 
(3)  Make  faintly  alkaline  to  litmus.  (4)  Add  after  this  alkalinization 
1  c.c.  N-1  sod.  hydroxide  per  litre.  (5)  Steam  60  miu.  (6)  SejMrate 
the  clot  formed  from  the  sides  of  the  vessel.  (7)  Steam  90  min. 
(8)  Allow  to  stand  at  R.  T.  10  miu.  (9)  Pipette  ofi  the  fluid  and  place  in  a 
tall  cylinder.  (10)  Leave  20  miu.  (11)  Skim  off  the  fat  from  the 
surface.     (12)  Distribute  into  T.  T.     (13)  Sterilize  at  lOOC'.  3  d. 

Notts. — 'A  medium  which  is  not  BItercd  at  any  stage  through  any  cloth,  filter  jiajier 
or  cotton  wool.  If  filtration  is  needed  it  should  be  through  glass  wool.  'A  less  amount 
of  agar,  e.g.,  O'o  per  cent  instead  of  lU  per  cent,  will  give  a  medium  in  which,  if  Healed 
and  kept  in  the  incubator,  meningococcus  and  gonococcus  sown  by  the  stab  culture  nietho<l 
will  live  for  2  or  3   m. 

M4«872.— (1)  Extract  4  (/.  at  37C.  with  100  c.c.  30  i)er  cent  ale. 
20  grill,  of  either  egg  yolk,  oatt=,  pea  flour,  or  acetic  fluid.  (2)  Allow  to 
deposit.  (3)  Decant  the  S.  N.  F.  for  use.  (4)  Ad<l  O'lri  per  cent  S.  N.  F. 
to  the  medium  to  be  used. 

M5  MEDIUM  CLARIFICATION:  MS' 1- (1)  Beat  up  the  white 
of  one  or  two  eggs'  along  wirli  the  crushed  shells  in  about  20  c.c.  water. 
(2)  Add  to  the  medium  little  by  little  before  filtration  and  at  a  temper- 
ature not  exceeding  OOC.  (3)  Stir  to  mix.  (4)  Steam  30  min. 
(5)  Remove  from  steamer  and  shake  up  well  to  mix.  (6)  Steam  again 
15  min.  (7)  Filter  in  the  ste<imer  through  thick,  filter  pajKjr  or  through  two 
layers  of  absorbent  cotton  wool.  (H)  Re-filter,  if  nece.s.siiry,  the  first 
portion  of  the  filtrate. 

Motel.— 'Raw  meat  jnicc,  I.";  c.c.  per  litre  of  medium,  may  l>e  hubstitiitcd  for  white 
of  egg. 

M5-2.--(l)  \Va.sh  thoroughly  ordinary  chee.sc  cloth.  (2)  Fold  to 
form  a  double  thickness,  12  X  12  in.     (3)  Place  on  this  a  layer,  from  u 
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roll  of  absoibeut  cottoii  wool,  10  X  JO  in.  (4)  Fit  the  whole  iiito  an  8  in. 
rLiiinel,  parking  clown  towards  the  outlet.  (5)  Decant  the  medium  to 
be  fihered  jiently  into  this  tiltor.  ((i)  I'ass  successive  portions  of  tlic 
first  hltrate  a  second  tune  tluoufih  the  filter  until  the  pores  are  filled  and 
tiie   filtrate   comes    throufih   clear. 

M5'3.  fi)  .Mi.x  in  y  gnn.  of  the  finest  possible  mag.  carbonate  per 
litre  of  medium.     (2)  Steam  30  niin.     (3)  Filter. 

M5'4. — (1)  Add  immediately,  before  adjusting  the  reaction,  a  frag- 
ment of  calc.  chloiide  and  inunediately  after  a  small  piece  of  di-sod. 
jihosphate.     (l')   Filter. 

M6  MEDIUM  COAGULATION.' 

Notes. — ^Syu.    iuspissation. 

M6"l.  ( 1 )  Coagidate'  the  serum  or  other  medium  contained  in  T.  T. 
in  tlu'  sloping  |>osilion  in  an  inspissator,  or  over  steam-  at  temperatures 
\arying  from  (i")  to  'JOC.-'  according  to  the  degree  of  transparency  required.* 

Notes. — ^Thc  proces.s  may  take  several  hours.  A  method  of  testing  completeness  o£ 
coagulation  is  to  tap  the  T.  T.  and  note  whether  the  contents  show  a  vibration  ;  if  so,  the 
coagulation  is  incomplete.  ^As  by  placing  at  the  top  of  a  steam  sterilizer  or  simply  over 
boiling  water.  ^I£  coagulation  is  effected  at  a  temperature  not  exceeding  65  to  70C, 
the  serum  remains  transparent.  Above  70C!.  the  serum  becomes  opaque.  Its  usefulness 
is  not  thereby  greatly  affected  and  the  coagulation  is  more  rapid.  ^Sterilization  may  be 
effected  in  the  ordinary  way  20  inin.  at  115C.  after  filling  in  the  T.  T.  with  0-85  S.S.S.  to 
cover  the  medium.     The  salt  sol.  is  poured  off  at  the  time  of  use. 

M6*2.  (1)  Fi.x  '2  pieces  of  glass  lod'  Ijy  means  of  pla.sticine  to  an 
asljestos  .sheet.-  (2)  Place  the  asbe.stos  sheet  with  tubes  of  medium  in 
the  hot  air  sterilizer.     (3)  Heat  30    niin.  at  80C'.   or  until    '-oagulation 

is    effect ed. 

Notes. — 'Tu  give  the  requisite  hlojie  to  the  T.  T.  contaiumg  medium,  "To  prevent 
charring  of  the    medium. 

T7  TRYPSIN  PREPARATION.  T71.  (1)  Free  fresh  pig' 
pancreas  from  fat  as  far  as  posisible.  (2)  Mince  finely  and  weigh.  (3) 
Add  3  c.c.  00  per  cent  liydrochloric  acid-  for  every  grm.  of  the  minced 
])ancreas.  (1)  Stir  the  mixture  at  intervals  for  30  min.  (5)  Add  6'i  c.c. 
.5  per  cent  sod.  liydroxide  for  every  100  c.c.  of  0-5  per  cent  hydrochloric 
acid  used.*  (0)  Stir  well  and  filter  through  folded  filter  paper.*  (7) 
Shake  up  with  a  Httle  toluol.  (8)  Make  the  reaction  less  acid  by  the 
cautious  addition  of  10  jjer  cent  sod.  hydroxide.^  (9)  Store  in  a  stop- 
pered liottle  in  a  coolj  dark  place. 

Notes. — ^Goat  and  sheep  pancreas  afiord  quite  satisfactory  trj-psm  and  are  largely 
used  in  India  where  the  use   of  pig  pancreas,  whatever  may   be  its  advantages,   would 
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be  objectionable.  This  caii  bv  pri-iMivd  approxiiuatoly  by  diluting  13-7  c.c.  pure  cou- 
i.eutraU.-tl  Uydruthloric  acid  of  S.O.  MG  to  make  1000  c.c.  with  1).  W.  'This  usually  Biviv, 
a  reaction  of  about  pH  =  'J-?  which  results  in  a  readily  tiltrable  mass.  *If  the  corritt 
amount  of  acid  has  b«>on  luUletl  the  fdtrato  is  jHTfcctly  dear.  'The  optimum  reniliuu 
for  the  preservation  of  trypsin  seems  to  be  nlxnit  pH  =  .lo.  This  can  be  obtajued 
roughly  by  adding  the  alkali  until  a  jKirlioii  of  about  3  c.c.  (lives  only  a  faint  reddish  tinge 
with  a  few  drops  of  0-02  per  cent  ale.  mctUyl  red  indicator  sol.  (87*792). 

T7*2* — (1)  Free  fresh  pig  iwiicreas  from  fat.  as  far  a.s  possiblt?. 
(2)  MiiKP  finely  and  wti,i;ii.  (3)  At'd.  '^  times  it.s  weiglit  of  U.  W.  and  its 
own  weight  of  strong  ale.  (I)  Shake  well  in  a  large  bottle.  (5)  Allow 
to  .stand  3  (/.  at  R.  T.  .shaking  ocea.sionally.  (0)  Strain  through  muslin 
and  filter  through  a  folded  (i!ter  paper.  (7)  Pleasure  the  filtrate.' 
(8)  Add  1  c.c.  concentrated  hydrochloric  acid-  for  each  litre.  (9)  Keep 
for  a  few  days  and  wlien  the  precii)itate  which  forms  has  settled  filter.^ 

Notes. — 'Comes  tlirough  very  slowly.  *If  required  immediately  there  is  no  need 
to  add  tho  hydrochloric  acid,  the  fuuctioa  of  which  is  to  retard  the  slow  autodcstniction 
of  the  trypsin.    'The  liltrate  keeps  indehnitely,  iu  a  well-stoppered  bottle. 

T7'3.— (1)  .Mince  finely  fat-free  fresh  pig  pancreas.  (2)  Add  it  to  !> 
times  its  weight  of  D.  W.  (3)  E.vtract  tinder  chloroform  21  hr.  with 
occasional  shaking.  (J)  Decant  the  fluid  and  add,  to  it  the  fluid  obtained 
by  expre.ssion  of  the  residue.  ("))  Filter  through  glass  wool.  ((>)  Add 
ether  as  preservative.     (7)  Keep  at  R.  T.  in  tlie  dark. 

T7'4.  — (1)  Add  to  a  finely  chopped  pig  pancreas  10  c.c.  glycerin 
and  l(iU  c.c.  D.  W.  (2)  E.\tract  for  3  d.  in  the  ice  chest,  adding  a  small 
piece  of  camphor  to  inhibit  putrefaction. 

T7*5.' — (1)  Extract    duodenal    mucous    membrane  of  pig,    sheep, 
or  goat  in  chlorofonn  water.     (2)  Add  to  pancreatic  e.\triicl  to  5  per  tent 
for  pur^joses  of  digestion. 
ItotoS. — 'Eutcrokiuase. 

T7*6.'— (1)  Grind  up  fresh  jiig  pancreas  with  fine  saud. 
(2)  Prepare  : — Triturate<i  pancreas  1  ;  20  jjer  cent  ale.  1.  (3)  Digest 
together  in  a  closed  vessel  7  d.  ( 1)  Filter.  (5)  Use  in  mixture : — 
Substrate  1(» ;  sod.  bicarbonate  01  ;  ale.  pancreatic  extract  1 ;  water  10. 
(6)  Keep  at  temperature  15C.  1  hr. 
Notes.— *Liii.  pancreaticui  B.P. 
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BILE— .MEDIA    M3-31. 
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M3-24,  M4-019. 
BROTH— MEDIUM   M2-1001. 
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CAFFEINE    MF.niA  M:i:!7. 

CALCIUM  CARBONATE-  MliDIA  M3-27,    M44i. 

CALCIUM  CHLORIDE     WHKY    iliir,l. 

CAPALDI  PROSKAUER     MEDIUM    NO.   1  M4-2U— MEDIUM   No.  2   .M4-5ol. 

CARBOHYDRATE -MEDIA  M4J. 

CARBOLIC  ACID  -MEDIA    M3-32. 

CARROT     MEDIA    M4  81. 

CASEIN     ALKAMNE  MEDIUM  M:!  763— MEDIA  .M3-7i>.  M4  73. 

M    CATARRHALIS -MEDIUM   M4.571I. 

CHASSAING  PEPTONE   -  Ml  14. 

CHINA  BLUE     .\IKDIA  M3  32.    M3-722,   M4ul  9— PHENOL   KED  MEDIUM   M3  233 
-HO.SOLIC  ACID  .MEDIA  M3-23I,  M3-232,  M3-22,  M4ol!,. 

CHINA  GREEN     MEDIUM  U3-3(i. 

CHLOROFORM     STERIL17ATI0X    M2-2.37,  M2-4i,  M2G8. 

V.  CHOLERAE— MEDIUM  M2  22,5,  M2-823,  M2-824,    M3-41-).  M4o741. 

CILIATES     SOIL— M4-24->l 

CLARIFICATION-MEDIA    M.".. 

COAGULATION-  MEDIA  MU. 

B    COLI  MEDIA— M3  1131.  M4-.->171. 

COLI-AEROGENES  GROUP— MEDIA  M.3-381,  M4-2.t3,    M4-.-iI71. 

CONRADI-DRIGALSKi     MEDIUM  .M3-331. 

CRESOL    RED     INDICATOR     SOLUTION      M3-2.511,   M4-732I— MEDIUM    M3  244, 

M.3-2J. 
CRYSTAL  VIOLET— MEDIUM   M3-33I. 

DENITRIFYING— ORGANISM.S  M4-4.511,  M4  1.531,    M4-4551,  M4-45ni. 
DEXTRIN -MEDIUM  Ml-57. 
DIEUDONNE-MEDIUM  M2-225. 
DIEUDONNE-LENTZ— MEDIUM     M2-228. 
DORSET  MEDIUM  M2SI1. 
B    DIPHTHERI>E -MEDIUM    M2-59.     M2-61,      M2  02,     M2-812,      M:}-3niI,     M3-924, 

M1-8.5S— TOXIN  M4-858I. 
DOUGLAS -MEDIA   Mil. 
DRIGALSKI-CONRADi— MEDIUM  M3-33I. 
DUNHAM -.SOLUTION  M412. 
B    DYSENTERIiC-MEDIL^I  M3-232. 
EGG— CLARIFICATION  Mr>— MEDIA  M2-8,  M4-872. 
ENDO— MEDIA  M3-412— 341 1. 
ENTERO-KINASE-PREPAR.\TION  T7-.>. 
EOSiN     MKTHVI.ENE  BLUE,  MEDIUM,  M3-3S1. 
ETHER-STERILIZATION  M2  241,  M2-2.53,  M2:54. 
FAT-MEDL\  M2t>. 
FATTY  ACID-MEDU  M2  0. 
FERRIC  TARTRATE— MEDIA  M4-43!,    M4  432. 
FILTRATION— OL.V.SS  WOOL  .M4-87II— MEDIA  MS. 
FISH -MEDIUM     M2I17. 
FLA6ELLATE»-.solL  M4-24.-.I. 
FLOUR      MEDIA  M4S4. 
FORMALIN— STERILIZATION  M2-261,   M2-57. 
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FRUIT— MKDIA  M4>S. 

GELATIN— MEDIA  M212— WATER    MEDIUJF  M4-3I, 
GIBSON— MEDIUM  !\Wr)74. 
GILTAY-SOLUTIOX   M4ir).-,. 
GLASS-WOOL  FILTRATION    M4-87n. 

GLUCOSE- BOUILLON    M4T.28— MEDIA  Mi':s2.    M2;ill.        M2-4.'!,     M2:)S,    M2-61, 
M2G3,      M2-00.      M2-722.       M2-8112,      M2-812,      M2S41,       M3-312, 
M3-314,  M3-3.5I.    M3-3r)2,    M3-8.51,    M3-924,     M415,    M4-16,    M4-218, 
M4234,    M4-23.->.    M4-23G,    M4-244,    M4-411,     M4-.52,    M4-.-)711. 
GLYCERIN— >rEDIA    M2'341.    M2-41.  Jt2-7U,    M2-712,    M2-7221,     M2S44,    M2-911, 
M2021— 2923,     M31,    M3-313.     M3-316,      M414,    M416,    M4-211, 
M4-212,     M4-2LJ,     M4-218,      M4-219,      M4-221,       M4-229,      M4-234 
—4-237,     M4-r.C.,     M4-8in,     M4-813— M4-Sir),     M4-S19. 
GRAIN— MEDIA  M4-8. 
G ON OCOCCUS— MEDIA  M2-222I,   M2-2241.   M2    i  h  JI2(i4.  M2li7,   M3-753,  M3-851, 

M4-."l,  .Mt-.-)73.  M4-S71. 
HAY— MEDIA  M4Si;. 

HISS-S^ERUM  AVATKR   M2-311.    M2:!12. 
HORMONE— iFEDlA    Jr4-S7. 
HYDROCELE  FLUID.     .MEDIUM  M2  7]ll. 

HYPHOMYCETES  MEDLX    M:!l2n,   M41f.,    M417,    iUr.Sl.     M4-o83. 
SP.  ICTEROH/EMORRHAGIit-MEDJA     M2-46— 2-48. 
INDICATOR— ^[EDIA      M3-2,      M3-3,      M3-72,        M4-o— MILK      JIEDIA       M3-72, 

SOLUTIONS  M3-2,  M3-3,  M3-2,  S7--fi— 7-79.  T7-100.5. 
INDOL  TEST— IMEDIUM  M2-63,    M4-2ir),  M4-761. 
B    INFLUENZ/E— MEDIA      M2-212.     M2-213,      M2-224,   M2-2r.3.5.   M2-245,    M2-246, 

:\t2-2r).-.,  M2-272.  ]\[2-931,    JI3-932,  M4-7341. 
INSPISSATION-MEDIA      MR. 
INULIN— MEDIUiM  M.1-576. 
IRON— SALTS    MEDIA  MIJ3. 
KUTSCHER— MEDIO!    M2-44 

LACTOSE— BOUILLON      M4-531— MEDIA      M2-229,      M3-316,      M3'324,      Aia-331, 
M3-352,    M3-372,     M3-41,    M4-11,    M4-233,    M4-235,    M4-241,   M4-53, 
LEAD -SALTS  MEDIUM  MI-4+. 
LEAD  ACETATE- MEDIUM    114441— 4-J44. 
LEISHMANIA— MEDIUM    M2-210.  M2-221,  M2-22'i. 
LEMCO- MEDIA     M2-113,    M3-r.2. 
LEVINTHAL     .MEDILi^I    M2-238. 
LIPMAN  AND    BROWN— MEDIUM  M4-411. 

LITMUS— :\IEUIA    -M3-2L  M3-72I,    4-57U— MILK    SUBSTITUTE    M4'516 
LIVER— MEDIUM  M2-11.5. 
LOCKE— FLUID  M2-4fi02. 
LORRAIN  SMITH— 3rEDIUM5,M2-3fi. 
L(EFFLER— MEDIUM    .M2-3.->. 
LUBENAU— MEDIUM    M2-S4L^ 
MACCONKEY— JrEDIUM  M3-:n6. 
MALACHITE  GREEN— MEDIUM     M3-35. 
MALARIA— CULTIVATION  M2-215. 
MALT  EXTRACT— MEDIA    M4-5S, 
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MALTOSE— MKDIA    M4-.->2 

MANNITE  -BOUIIXOX    M4-.-..-.2— MKDIA  M4iM  I.  M4-2:UI.  Ml-212.  .\U  4l:i.  M4'.vv 

MARTIN  PEPSIX  OinEST  BOl'IIXOX  M:!nio  pv^psiX  DICRsr  .soi-t'TlOX 
Mrsnu. 

MEAT     ALKALI    MF.DU'M    MSril,  M.V.-).  M4-72. 

MEDIA  Ann  DIOEST  M2114^Af;AR  »Ol'ILL(i\  M2l:!  A(;A1?  FiriP.K 
Mill— 11:1-A(:AK  CELATIX  M2I4— A(iAI?  POWPER  MI-2). 
Ml -22— ALKALI  BLdOP  M2  225,  Jt2-228.  M2-2:i2— ALKALI 
CASEIX  M3-f!3 -ALKALI  ECC  Jt2-822— ALKALI  MEAT 
MS-.-.l— ALKALI  SKIU'M  Mi:!'..  M2(il— AX^EROUK  M2xl2 
M2-.si:j.  M:t:il.  Musm,  M:iKL-t,  M:!-8I4- AROXSoX  M:t-41.-. 
— ASriTK'  FLl'II)  M2-42<i2.  M2-72.  M2-922.  M3-814.  M4S72 
—  ASl'ARACIX  M4-211 — I  2I!1— lUXAXA     M4S:!     HARSIEKdW 

M3-772— BEI.IERIXCK  Xd.  I  M4-412- REI.IKRIXC'K  XO.  2 
M4-4!:i— BILE  M:!:il— BILE  SALT  M:i:{l.  M:l-.141.  M4-.-.1K— 
BLOOIJ  M2lir,,  M2-2— BLOOD  DRIEST  M2-27,  M:!!i:i.  M4-74- 
BLOOD  PLASMA  AI2:5— BLOOD  SERUM  M2-2I1I.  M2-22:!, 
M2:t— 211.  M:{:i'.»l:!  BLOOD  SP.RrM  DRIEST  M2r.2.  M4-7.-,— 
BODY  FLllD  M2-7  -BOUILLOX  .M21I  HRAIX  M:!-.S4  RREAD 
M4S4— HRILLIAXT  CREEX  M2-24'i2.  M:t;i4  P.RiiM  fRESOl, 
PVRPLE  MH-24 -BROTH  M21 1- (AFKKIXK  M.i:i7  CALC. 
•  ARBOXATF.  M3-27.  Mt-27.  M  It21-  f'APALDIPIMiSKAl'KR 
X(i.  1  M4-204— CAR  BOH  V  DRAT  K  ,.  SUCAR  CARBOLIC 
ACID         M3:)2— CARROT        M4SI    CASEIX  M3-7(i.       M»-7;i— 

CHINA      BLIE     M:!-2:t— CHIXA    BLIE     PHEXOL      RED    M:!-2:i,t 
— CHIXA       BLUE       R(lSf)LIC     ACID     M:!-2:!l.     M:5-2:t2.     M;!-722 
CHIXA  CREEX  M:V.1lil- CITRATE!)         BLOOD  M2-2.V- 

f  LARIFICATIOX  M'..         M211IS.         M2I 122— COACiCLATIdX 

MG— COMPOSITIOX  M2-4— COXRADI  DIUCALSKI  MSXU 
— CREOSOL  RED  M:!-241.  M:t-2.-.-CI!  VSTAL  VIOl.KT  M.-t-.tltl 
— DEFIBRIXATEI)  BLOUD  M2-22.  M2-2:i— DEXTRIX  M4-.-.7— 
DIEUDOXXE  M2-22.-,.  M2-2:!!i  DIEUDOXXK-LEXTJ'  M2-22S 
—DIGEST  BLOOD  M2-27.  .\I2ii.  M:t!»:t.  M304— 

DORSET         M2-8!!— DOUBLE  SUCAR         M4-.->ll.       JUr.Hi - 

DOUCLAS  M4-— DRIED  MILK  M:;-77  -  DRKJALSKI-COXR  A- 
DI  M:v;t:!I^DlXllAM  M411- ECOXOMV  M2(l.-,02— 

EfiO  M2-8  -EiiSIXMETHYLEXE  BLUE  M.ills— FATS 

M2-0— FATTV  ACID  M2!)— FERRIC  TARTRATE  Ml-4:tl, 
M4-4.t2— ITBRK  ACAR  Mill— ll:i  FILTRATIOX  Mr.-FISH 
M2I 17— FLOUR  M4H4- -FRUOOXI         MI!  hL",     FRIIT        M4s-  - 

FUCHSIX  M:i-4II-  :t-4l;j-f;ELATIX  ACAl:  .M2I4  CELA- 
TIX BoriLL(tX  M212— (JELATIX  WATER  M4:il-  UIB- 
SOX    M4-.-.74— OILTAV  M4-4-ir>— CLYCERIX        M2:14.        M2-4I. 

M2-7II.  M2-7I2.  M2-722I,  M2-84I,  M2(ill.  M2  •»2I— 2!l2.t. 
M30f.:i.  M.TI,  M:»:iI:»,  MS-.IHi,  M414.  M41ii.  M4-2I1.  M4  212. 
M4-2I.-..        M4-2I8,        M4-2in.        M4-22I.  M4-22!!.        M4-2:t4— 4-2:i7 

M4-.'Hi.  M4-8III,        M4-8l.t— 4«l.-..       .\I4-8|!»— OLl'CdSE        M2  ;I2. 

M2-.TO.  M2-4.3,  .M2-.-.8,  M2(iJ,  .M2fl3,  .M2t;«,  .M2-722,  M2SII2,, 
M2SI2,     M2'841,      M.3-3I2,      M.i:U4,     M3-3.0I,      MS-S.W,       .M3-801. 
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M3-924.     M4-15,     M41f.,      M4-218,     1I4-234-— 4-236,    M4-244,    M4-411, 
M4r,2,        M4-5711— GRAIN        M4-8— HAY      M4-86— HISS     M2-311, 
M2-312— HORMONE        M4S7— HYDROCELE         FLUID      M2-7111 
—INDICATOR     M3-2,     JI3-3,      M4->— INDICATOR     MILK     M3-72 
—INHIBITORY        SUBSTANCE        M3-3,        M3-4— INSPISSATION 
M6— INSPISSATED  SERUM     M2-32— 2-3fi,     M2-42,     M2-45,     M2-51, 
M2-53,      M2-55,     M2-5fi— INULIN      M4-576— IRON     SALTS     M4-43 
— KUTSCHER  M2-44— LACTOSE    M2-229,    M3-316,   M3-324.  M3-331, 
M3-352,  M3-372,    M3-41,     M4-11,    M4-233,   M4-235,    M4-241,    M4-53— 
LAKED    BLOOD    M2-24— LEAD     SALTS     M4-44— LEMCO    M2-113, 
M3-62— LIPMAN         AND         BROWN       M4-411— LITMUS     M3-21, 
M3-721,     M3-754— LITMUS    MILK    M3-721— LITMUS     MILK   SUB- 
STITUTE M4olfi— LIVER         M2115— LOEFFLER         M2-35— 
LORRAIN         SMITH  M2-63— LUBENAU        M2-841— MACCON- 
1\EY           M3-316— MALACHITE  GREEN  M3-3S— MALT 
EXTRACT         M4-58— MALTOSE          M4-52— MANNITE        M4-214, 
M4-2341,       M4-242      M4-413,     M4-55— MARTIN      M3-911,    M3-912— 
MEAT      M3-5— MEAT        EXTRACT        M3-6— MEAT      EXTRACT 
PEPTONE        M2-1— MILK          M2-7ni,        M3-7— MILK         PRO- 
DUCTS      M3-— N.N.N.        M2-216— NASGAR       M2- 723— NEUTRAL 
RED  .    M3-261,         M3-31 6— NITRATE         M4-45— NITRIFICATION 
M4-415,        M4-41 6— NITROGEN         FREE— NOGUCHI        M3-814— 
NOVY       MACNEAL         M2-226— NUTRIENT        AGAR       M2-13— 
NUTROSE      M2-44,      M2-723,    M3-331,    M3-352,     M3-7632,     M3-771, 
M3-772— OIL       M2-91— OLEATE       M2-93— OLEIC      ACID     M2-92 
—OLIVE        OIL          M2-912— OMELIANSKY          M4-221— ORGAN 
M2-1151,          M3-81,           M4-711— 4-713— ORGAN  FRAGMENT 
M3-81— OVARIAN        FLUID        M2-71I1— OXALATED        BLOOD 
M2-26— PANCREATLN              M2-74— PARIETTI            M3-321— PAS- 
TEUR    SOLUTION      M4-851— PEA       M4-82— PEPSIN      DIGEST 
M3-9— PEPSIN          TRYPSIN          DIGEST          M3- 94— PEPTONE 
M4-1,        M4-521— PEPTONE     DERIVATIVES        M41— PEPTONE 
WATER           M4-12,           M4-51I— PETROFF           M2-819— PHENOL 
M3-32— PHOSPHATE         BLOOD        M2-222— PLACENTA        M2-44 
-PLEURITIC       FLUID       M2-7111— POTATO       M2-224,       M4-81— 
POWDER       AGAR        Ml-21,        Ml -22— PREPARATION         M24— 
PREPARATION     AGAR     Ml— PROTEIN     FREE      M4-2,     M4-4  v. 
also        SALTS        ORGANIC        AND       INORGANIC        ACIDS- 
PROTEIN      POOR— M4-31— PRUNE        M4-83— RAISIN       M4-83— 
RAULIN    M4-224— REACTION   M2-1116,  S7-76,  S7-81  S7-83— 7-86.— 
ROSOLIC      ACID      M3-22,       M3-231— ROSOLIC       ACID-LACTOSE 
M2-229— ROW       M2-221— RUSSELL.     DOUBLE     AGAR     M4-514^ 
SABOURAUD            M4-14,          M4-522,            M4-523— SACCHAROSE 
M3-421,        M4-2341,         M4-54— SALTS       ORGANIC       ACIDS     M4-4 
V.  also      PROTEIN     FREE     MEDIA— SALTS     ORGANIC     ACIDS 
M4-4        V.         also        PROTEIN        FREE        MEDIA— SELECTIVE 
M3-3001— SERUM       v.        BLOOD         SERUM— SERUM      WATER 
M2-31— SILICATE     JELLY      M4-417,      M4-4I8— SOD.     FORMATE 
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M4-52(>— 801).  SALICYLATE  MH  12  Sol).  SlLI'lllTK  Mil  II 
—SOD.        TAl'ROCHOLATE  .\l;i:iU   -,t:u-.  .M.i;!ll-S(ll)- 

8ULl'HI.\IJl(i()TATE        .\U:>2()— SOU,         EXTHACT  .\I41>4;;— 

4-245— SOVARKAK  .\I2-25r)-SI'ERM  OIL  M2-91 1— Sl'KONCK 
M4-858— STARCH  M3-42I,  M4-,-)71—4ri75— STERILIZATION 

SO— STRAW  M4-,SC,— Sl'CAR  M2:tll.  M2-72«,  M3-27.  .M:!:ilil2. 
M3-702.  M3-772.  .M4I2.  M4-421.  M4-.,  M4S!.  M4-5211.  M4r.20 
— vSUCAR  FREE  M2ll:il,  M2IMil,  M4-r.l2,  .M4(>— SYNTHETIC 
M4-2,  M4-4— TELLURIC  ACID  .M:!:i44.  M3:!!>— TESTICLE 
M3-8ol— TISSUE  M3-81-  TRYITAMINE  .\I4-732-  TRYPSIN 

DIGEST  M4-7— TRYPTOI'HANE  M4  7i.I  -TURNI  I'  M4-81  — 
URIXE  M2-7II1,  M2-73-USC1IINSKV  .M42  1I.  .M4  212— 
VEGETABLE        SI4-8— VIXES         .\I4  i7.>     \  ITAMIXE  .M4-87— 

WERTHEIM  M2-39— WHEY  M3-7r>— WHITE  OF  EGG  M2«3— 
WHOLE  BLOOD  M2  21— WHOLE  EGG  M2-8I,  M2-82— 
W  INOGRADSKY   M4-414,   M4-4ir),   M4-4I7  -YOLK  OF  E(;G   M2-84. 

MENINGOCOCCUS— MEDIA  •M21I5I,  M2-2241,  .\I2-237I,  M2-2(il,  M2-238,  M2-322I. 
M2-52,  M2-54,  112-57,  M2-724,  M2-720,  .\I4-57I1,  M4-.-.75, 
M4-7II4,  M4-8221,  M4-855,  M4-87I. 

METHYL  RED— INDICATOR  SOLUTION    87792,   T7-I005. 

MILK-  MEDIA  M2-71II,    .M3-7— PRODUCTS  MEDIA  >I3-7— RICE    MEDIA    M:i-74. 

MOULDS     MEDIA  M3-4211,     M4-I(j.   M417,   M4-58I,     M4-583. 

N.  N.  N      MEDIUM   M2-2Hi. 

NASGAR     MEDIUM  M2  723. 

NEUTRAL  RED— MEDIA  M3-2(il,  M3-3I'i. 

NITRATE      MEDIA      M4-4.-)— PRODUCTIOX        M4-24r,l.         M4-41  tl.      M4-4I91— 
REDUCTION-  V.  DENITRIFYING. 

NITRIFYING— ORGANISMS  M4-4I5I.  M4  4I(iI.  Mr4lsl. 

NITRITE      PRODUCTION  M4-24(il.  M4-414I. 

NITROGEN  — FIXING    BACTERIA  M4-242I  — FREE       .MEDIUM  M4  212. 

N0GU:HI      MEDIUM  .M3-814. 

NOVY-MACNEAL-MEDIUM  M2-22ik 

NUTROSE  -MEDIA    M2-44,    M2-723,     M3-33I.    M3-3,->2.    M3-7i;32.    M3-77I.  i.M3-772. 

OLEATE     MEDIU.M  M2-93. 

OLEIC  ACID— MEDIA  M2-92. 

OLIVE  OIL-MEDIUM  M2-ni2. 

OMELIANSKY-  MEDIU.M  M4  221. 

ORGAN     MKhlA   .M2-I15I,   M3-8I.   M4-7I1— 4713     REMoV.M.  M:l-sll. 

OVARIAN   FLUID-MEDIU.M  .M2  7III. 

PANCREATIN— MEDIUM  M2-74      PREP\I!\T|ON  T7. 

PARIETTI     MEDIUM  M3-321. 

PASTEUR     SOLUTION  M4  851. 

PEA     I  I.OUR  EXTRAfT  M4-H22,  M4-872-MEDI\  M4-H2. 

PEPSIN     DIGEST     BOUILLON  M3-9l2-DIf;EST  SOLUTION  M.T9I1. 

PEPTONE     CHA.SSAING    .M4I4     MEDIA     M4-|,    M4r.2l— .STANDARD    M2-III5- 
W.ATER  M412.    M4-5II. 

B.  PERTUSSIS- MEDIUM  M2-221I. 

PETROFF— MEDIU.\I  M28I9. 

J,    .MK  '.» 


130  Bacteriological  ani  Lahoralorij  Technique. 

PHENOU-MEDIA  M3-32. 

PHENOLPHTHALEIN-INDICATOR  SOLUTION  M4-732I. 

PHENOL  RED— CHINA  BLUE  MEDIUM  M:i-23;}. 

PHOSPHATE -.MEDIA  M21117,  M2-2224. 

PLACENTA -MEDIUM  M2-44. 

PLEURITIC  FLUID— MEDIUM  M2  7HL 

PNEUIMOCOCCUS— MEDIA  M2-2G1,  M4-.57fiI. 

POTATO— MEDIA  M4-8I. 

PROTEIN— FREE     MEDIUM      M4-2   v.    SALTS    ORflANIC    AND     INORGANIC 

ACIDS— POOR  JIEDIA  M4-3. 
PRUNE— MEDIA  M4-83. 
PUTRESCED  MEAT— MEDIA  M4-2. 
RAISIN— MEDIA  M4S3. 
RAU LIN— SOLUTION  M4-224. 
RENNET— WHEY  M3-7.')l. 
RICE— MILK  MEDIA  M3-4. 
RINGER— SOLUTION  M2-4802. 
ROSOLIC      ACID— INDICATOR       SOLUTION       M3-2211— LACTOSE       MEDIUM 

M2-229.— MEDIA  M3-22,  M3-231,  M3-232. 
ROW— MEDIUM  M2-221. 

RUSSELL— DOUBLE  SUGAR  MEDIUM  M4-514. 
SABOURAUD— MEDIA  M414,  M4o22,  M4-523. 
SACCHAROSE-MEDIA   M4-2341,  M3-421,      M4;;4,    M4S51— SERUM     \.     BLOOD 

SERUM. 
SILICATE-JELLY  MEDIUM  M4-417,  M4-418. 
SODIUM  FORMATE— MEDIUM  M4-52U. 
SODIUM  SULPHINDIGOTATE— MEDIUM  M4o2fp. 
SOD.  SULPHITE— MEDIA  M3-4I. 
SODIUM  SALICYLATE— MEDIUM  M3-42I. 
SODIUM  TAUROCHOLATE— MEDIA  M3-314,  M3  317,    M3-341. 
SOIL- BACTERIA        MEDIA      M4-217,      M4-246,        M4-31,       M4-4n— CILIATES 

M4- 2451— EXTRACT    M4-243I— FLAGELLATES  M4-24;)L 
SOPARKAR— MEDIUM  M2-255. 
SPERM  OIL— MEDIUM  M2-9U. 

SPIROCHAETE— MEDIA  M2-49,    M2ol,    M2-55,  M2-5C,    M2-.-i8,    M3Sin,    M3-8I41. 
SPOROTHRIX— MEDIUM  M4-522I. 
SPRONCK-  MEDIUM  M4-858. 
STANDARD— PEPTONE  M211ir>. 
STARCH— MEDIA    M3-42I,  M4-571— 4-.575. 

STERILIZATION— CHLOROFORM     M2-237— ETHER     M2-241,    M2-2o3— FINGER 
M2-211— FORMALIN      M2-261— MEDIA     S9— SUL- 
PHURIC ACIDM2-2462. 
STRAW— MEDIUM  M4SU. 
STREPTOCOCCUS— MEDIA    M3SI3,  M4oJtil. 
SUGAR— FERMENTATION   M4ollI— FREE  MEDIA   M2-II31,    M2-I16I,  M4-512, 

M4G— MEDIA      J\I2-31I,      M2-726,    M3-3162,  M3-27,      M3-762,     M3-772, 

M4-12,    M4-421,    M4-5,    M4-51,  M4-5211,  M4-536— RUSSELL'S    MEDIUM 

M4-514. 


i 


ir.  F.  Howey.  131 


TELLURIC  ACID— MKDU'M  M:l:!U.  M.VItO. 

TESTICLE     MKKllM  M:tS.->l. 

B.  TETANI      MKDllM   M4-7i:.'l. 

TINEA      MKDIA   .M4  r.iil.   M4r)81.   .M4-.'i8:}. 

TISSUE     MKDIA  M:!SI. 

TORUL>E      MKDllM   Mlill'll. 

TRICHOPHYTON  -MKDIA  M4-.-)22l,  M.V481,  M4o8:i. 

TRYPANOSOME     MKDIA  M2-2;(l.   M2-2.T4. 

TRYPSIN     MKDllM  M2-74— VREPARATION  T7. 

TRYPTAMINE     BDriLI.DX  M4-732-STOrK  M4-7;i2. 

TRYPTOPHANE      MKDllM  M4-7lil— TEST  M.i-92.J2,  M4-712:!. 

B     TUBERCULOSIS     .MKDl  A   M2  812,  M2-84I2.    M2!MI.    M.TSI4.    M.i  Sl.l,  M4-228, 

M4-2:!tl. 
TURNIP     MKDIA  .M4  si. 
TYPHO-COLI   GROUP- MKDIA  M2-229.  M:j-3,  M3;{.-i:!l.  M:!:!7I1.    M:i-:!72l,    .M:i-4, 

M3-754,  M4-44:},  M4-.JI4. 
TYPHOID  GROUP -MKDIA  M3-3,  M3-3I0I,  M3-343I.  M3-4. 
URINE     -MEDIA  M2  7III,  M2-73. 
USCHINSKY-.MKDIA  M4-2I1,  M4212. 
VITAMINE     MKDllM   M4  87. 
WATER     KXAMIXATIO.N"  MEDHM  M4-.".17l. 
WATER  GLASS     MEDIUM  M4  4182. 
VACCINES      I.AUCE  SCALE  I'HEPARATlUX  M4-73I2. 
VEGETABLE     MEDIA  M4  8. 
WERTHEIM     MEDIIM  .M2  39. 
WHEY      All!)    .M3-752,    M3-753— CAIX'.      CHLORIDE     M3-7.->4— MEDIA     M3-7:-.- 

I;KXXET  M3-75I. 
WINOGRADSKY— SILICATE  JELLY  JU  417— SOLITIOX   M4-414,    .M4-4I5. 
YEAST— ClLTIVATIOX  M4I.-,,  ,M4-232,  M4o8l,  M4-583-  MKDIA  M4SJ. 


SOME  CASES  OF  MYIASIS  IN  INDIA  AND 

PERSIA,  WITH  A  DESCRIPTION  OF 

THE  LARV^  CAUSING  THE 

LESIONS. 


Major  J.  A.  SINTON,  m.d.,  i.m.s. 

[Received  for  publication,  January  3,  1921.] 


CONTENTS. 

Page 

(1)  Introduction           ..                ..                ..  ..  ..  ..132 

(2)  A  SHORT  NOTE  ON  SOME  SPECIES  OV  FLIES  INVOLVED  IN  MYIASIS  IN  THE  EaST 

WITH  ESPECIAL  REFERENCE  TO  InDIA  .  .  .  .  .  .  133 

(3)  Cases  op  myiasis  reported  from  India  and  Burma  . .  . .  135 

(4)  History  of  six  cases                 . .                . .  . .  . .  . .  136 

(5)  Technique                 ..                 ..                 ..  ..  ..  ..139 

(6)  Description  of  the  species  of  ply  found  . .  . .  . .  140 

(A).     Pycnosoma  dux,  Escli.  140 

(()  Larval  stage           . .                 . .  . .  . .  . .  140 

(I'l)  Pupal  stage            . .                 . .  . .  . .  . .  149 

(in)  Adult  stage             . .                  . .  . .  . .  . .  149 

(B).     Lucilia  serricata,  Mg.  160 

(i)  Larval  stage           . .                  . .  . .  . .  . .  150 

((1)  Pupal  stage             . .                  . .  . .  . .  .  .  152 

{Hi)  Adult  stage            . .                  . .  . .  . .  . .  153 

(C).     Sarcophaya  rufcm)iis,F.  153 

(i)  Larval  stage          . .                 . .  . .  . .  . .  153 

(li)  Pupal  stage            .  -                 • .  . .  . .  .  •  156 

(ill)  Adult  stage             . .                  . .  . .  . .  . .  156 

(D).     ]yoMfahtia,  sp.  157 

{/)  Larval  stage         ..                  ..  ..  ..  ..  157 

((•/)  Pupal  stage            ..                  ..  ..  ..  ..159 

(Hi)  Adult  .stage            . .                  . .  . .  . .  .  .  159 

(7)  Comparison  of  THE  LARVAL  and  PUPAL  characters     ..  ..  ..  159 

(8)  References              ..                ..                ..  ..  ..  ..  101 

(9)  Explanation  of  plates- 

(     132     ) 


J.  A.  Sill  foil.  133 

1 .    Introduction. 

Diking  the  last  sijf  years  I  have  had  the  opportunity  ol  stiidyiiifi; 
four  eases  of  myiasis  in  the  North- West  Frontier  Province,  Indi.i,  and 
two  cases  in  the  Khorosan  Province  of  Persia.  As  very  little  seems  In 
have  been  done  on  the  myiasis  of  these  parts  the  cases  seemed  worthv 
of  reconl. 

I  wish  to  thank  Captain  11  K.  Rowntree,  .\i.c.,  i.m.s.,  for  peiniissinn 
to  publish  the  clinical  notes  of  case  No.  '2  which  was  under  his  care. 

I  am  deeply  indebted  to  Major  E.  E.  Austen,  d.s.o.,  to  Dr.  Uuv 
Marshall  and  to  Mr.  F.  W.  Edwards,  all  of  the  Natural  History  Museum, 
South  Kensington,  who  so  kindly  identified  the  flies  for  me. 

2.       A    SHORT   NOTE    ON     SO.ME    SPECIES    OF    KLIES    INVOLVED    I.\    MYI.XSIS 
IX    THE    E.AST    WITH    ESPECIAL    PREFERENCE    TO    InDI.A. 

That  myiasis  is  not  a  very  uncommon  disease  in  India  is  well 
known,  but  the  number  of  cases,  which  have  been  recorded  in  detail, 
seem  to  be  few,  while  those  in  which  the  actual  sjjecics  of  fly 
pausing  the  lesion  has  been  identified  seem  very  few  indeed. 

The  commonest  species  appear  to  belong  to  one  of  the  following 
genera — Sarcophaga,    Luriho.    Callipkora  or    Pi/cnosmna. 

(a)     Snsnl  inifiasis. 

Theobald  (191<))  states  that  Pi/ntosoiitd  larva-  are  frequently  found 
in   the   nostrils  of  man. 

Castellani  and  Chalmers  (19H()  .sjiys  that  '  '"  peenash  "  is  a  word 
which  may  be  used  for  the  Indian  rhinal  myiasis  caused  by  the  larva; 
of  species  of  Pynionoma  Brauer  and  von  Bergenstamrn  and  by  the  larva; 
of  species  of  Sarroph(i//(i  Meigen,  especially  Sarropliaga  rfininitn  Lin- 
n.-iMiH    IT'jS.'     '  The  di.sea.sc  is  spread  throughout  India  and  A.s.sam.' 

Austen  (IJllO)  reports  that  he  received  from  Lieut. -Colonel 
Wyville  Thomjwon.  i.m.s.,  larva-  from  a  case  of  iui.-«il  myiasis  at  Delira 
DiKin,  which  were  a  sjjccies  of  Pi/ciiosonui. 

Patters«»n  (IIKIU)  rcj)orted  in  detail  a  case  of  nasal  myiasis  from 
As.siim  which  Austen  (l'Jl<»)  thinks  was  probably  due  lo  a  species  of 
Sfirrophfign ,  but  from  an  examination  of  Patterson's  drawings  in  his 
]>a|H"r  if  appears  to  me  that  the  larvii-  were  ]>robiibly  Pi/<  nutionni  larva; 
rath»-r  than  those  of  Sarmphuya,  because  (")  of  the  very  marked 
'islands  '  on  the  spinous  rings  of  the  abdomen,  and  the  absence  of 
spines  on  the  posterior  parts  of  these   segments  ;  (h)  the  shape  and 
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direction  of  the  posterior  eud  ;  and  (c)  the  groove  in  front  of  the  edge 
of  tlic  posterior  hollow.  All  these  points  seem  much  more  like  the 
PijcHosoma  larvae  described  in  this  j^aper  than  either  the  Surcophaya 
larvie  described  here  or  the  figures  of  the  larvae  of  Sarcophaga  sp.  given 
by  Brumpt  (1913)  or  Castellani  and  Chalmers  (1919). 

Chetti  (1910)  reported  three  cases  of  nasal  myiasis  from  Burma 
and  for  the  same  reasons  his  drawings  may  possibly  represent  a 
Pi/viiosoiiia  larva. 

Rieley  and  Howlett  (lyi-i)  noted  ten  cases  of  nasal  myiasis  from 
Behar  due  to  Pycnosoma  flaviceps  (?). 

Treston  (1916)  recorded  a  case  from  Kohat,  North-West  Frontier 
Province,  due  to  Chrysomyia  macellaria.  I  was  fortunate  enough  to 
have  an  opportunity  of  examining  these  larvae  and  the  flies  which 
hatched  out  from  them  and  they  proved  to  be  Pycnosoma  dux. 

Case  No.  1  reported  below  from  Kohat,  North-West  Frontier 
Province,  was  due  to  P.  dux. 

From  an  examination  of  these  records  it  will  be  seen  that  in  all 
these  cases  when  the  fly  causing  the  lesions  was  definitely  identified  it 
proved  to  belong  to  the  genus  Pycnosoma. 

The  genus  Pycnosoma  is  the  Oriental  representative  of  the 
Auierican  genus  Chrysomyia  which  is  the  commonest  cause  of  nasal 
myiasis  in  the  Western    Hemisphere.* 

(6)     Oral  myiasis. 

Sturgess  (1917)  reports  Chrysomyia  (Pycnosoma)  Jlavnrps  Mg. 
causing  myiasis  in  the  mouth  of  a  dog  in  Ceylon. 

Case  No.  2  in  the  series  now  reported  was  due  to  Pycnot<oma  sp. 
from  Kohat,  North-West  Frontier    Province. 

(f)     Cutaneous  myiasis. 

The  larv«  of  various  species  of  the  genera  Sarcophaya,  Lucilia, 
Calliphora,  Pycnosonui,  and  Wohljahrtia  have  been  reported  from  many 
parts  of  the  world  as  causes  of  cutaneous  myiasis  in  man  and 
animals. 


*  Since  writing  the  above  Major  Austen  has  informed  me  that  the  latest 
researches  in  the  nomenclature  of  these  genera  shows  th&t  Chrysomyia  is  the  proper 
generic  name  of  the  Oriental  species,  not  Pycnosoma,  while  that  of  the  American  genus 
is  CochUomyia,  not  Chrysomyia, 
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Patton  tiiul  C'ra!;g(iyi3)  state  that '  in  (lujarat  it  is  not  uncoimiiuii 
to  see  large  sores  full  of  the  hirvaj  of  Sarcojilidijae.^ 

t'astellani  and  Chalmers  (19111)  say  that  Sar(oiili(ii/((  hirva'  are  not 
uncoiuuion  in  ulcers  in  the  tropics. 

Austen  (1910)  mentions  that  in  India,  according  to  Moniez 
(Triate  de  Parasitologie,  p.  6(M))  quoting  Ilaiiiet,  Englisli  medical  men 
have  re^x)rted  very  serious  cutaneous  myiasis  due  to  iS.  ruficoniis.' 

Case  No.  -1  recorded  below  occurred  in  a  dog  at  Bannu,  Nortli- 
West  Frontier  Province,  India,  and  was  due  to  S.  ruficoinis,  while  case 
X(».  tj   in  a    camel  in  N.  E.  Persia  was  due  to  SnrcojilKiya  sp. 

With  regard  to  the  genus  Luciliu,  Patton  and  Cragg  (19l;i)  say 
that  in  South  India  L.  serenissimn  Fabi-.  will  ovi|)i)sit  in  the  sores 
of   sickly   cattle. 

Castellani  and  Chalmers  (1919)  state  that  flies  of  this  genus,  i.e., 
L.  alegar  and  L.  serricala  deposit  their  eggs  in  ulcers,  and  Hiumpt  (191;<) 
also  says  that  the  larvae  of  L.  st;rricata  are  often  found  in  the  ulcers 
of  man  and  animals  in  the  tropics. 

Ca.se  No.  3  at  Parachinar,  Nortli-West  Frontier  Province.  India, 
in  a  woman  was  due  to  L.   senicalti. 

Flies  of  the  genus  Pi/cnosomu  are  mentioned  Ky  l)iiini|it  (I'.ii.'i) 
antl  by  Roubaud  (1915)  as  causes  of  cutaneous  myiasis  in  Africa.  While 
Joyeu.x  (1916)  reports  .seven  cases  of  animal  myiasis  in  French  Guinea 
due  to  P.  bezziana,  Vill.  {megacephala,  Bezzi  nee  Fabricus).  * 

Hishopp  (1915)  records  cases  in  sheep  in  Hawaii  due  to  /'.  dux  and 
in  Australia  due  to  P.  rufifacies. 

Ca.se  No.  4  now  recorded  from  Bannu,  NorthAN'cst  Frontier 
Province,  India,  was  also  infected  with  P.  ihu:. 

Au.stcn  (1910)  states  that  Wolilfiihrlia  iinitjnijufi,  .Scliin.  is  rcspon.siblo, 
every  year  for  very  many  cases  of  myiasis  in  man  and  domestic  animals 
in  South  Russia,  and  Roubaud  (1915)  mentions  this  species  in  Africa. 

Ca.se  No.  5  was  a  camel  in  N.  E.  Persia  infected  with  the  larva; 
of    Wuhlfahrtia   sp. 

3.      Ca.SE.SOF  MYIA.SIS  BEPOKTEU  from  l.VHIA  A.M)  lirliMA. 

Uhory  (1850)  rei)orted  that  during  nine  y.-iirs  at  .Mligh.ir  lie  saw 
91  case.H  of   '  peenasli,  '  of  which  only  two  died. 


•  Patton  baa  deacribed  a  large  number  of  cases  of  cutancoiw  myiasiii  among 
Mirn  and  anilDalii  due  to  Chryaomyin  biztiami  in  South  Indio  (ride  /nd.  Jcvr 
Med.  Rts.,  Vol.  VIII,  No.   1,  July,  1020,  pp.  17— 2«). 
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I'owell  ( 1 901 )  saw  in  Bombay  (?)  live  cases  of  '  screw-worm  disease ' 
iift'ecting  the  nose,  of  which  three  died  and  one  was  not  traced.  In  the 
cases  that  died  the  maxillary  antrum  was  also  affected. 

In  Assam  Patterson  (1909)  saw  two  fatal  cases  of  nasal  myiasis 
from  the  Tezpiir  district  and  a  case  which  recovered  from  Cachar.  He 
also  saw  a  case  of  aural  myiasis  which  died  and  two  cutaneous  cases 
which  recovered  in  the  Tezpur  district. 

Cameron  (1909)  reported  two  nasal  cases  with  recovery,  one 
from  Jliehun  and  one  from  Peshawar. 

In  Burma  Chetti  (1910)  saw  three  nasal  cases,  one  of  which  died, 
and  Keelan  (1910)  saw  a  nasal  case  at  Pusa  which  recovered. 

Austen  (1910)  records  Thompson's  nasal  case  at  Dehra  Doou  wjiicli 
got   better. 

Only  one  death  occurred  among  the  ten  cases  of  nasal  myiasis 
recorded  in  Behar  by  Rieley  and  Howlett  (1914). 

At  Kohat,  North- West  Frontier  Province,  Treston  (1916)  had  a 
nasal  case  which  did  not  prove  fatal  and  case  No.  1,  which  was  from 
the  same  place,  also  recovered. 

In  these  collected  cases,  there  are  117  of  the  nasal  variety  of  which 
only  9  died,  i.e.,  a  mortality  of  7'7  per  cent,  while  Manson  (1917)  says 
that  out  of  13  cases  of  the  American  form  of  nasal  myiasis  collected  by 
Laboulbene  9  died  and  out  of  31  cases  collected  by  Maillard  21  died,  i.e., 
a  mortality  of  over  44  percent  on  the  41  cases. 

From  these  figures  it  would  appear  that  the  type  of  nasal  myiasis 
fuund  in  America  is  much  more  severe  than  that  found  in  India. 

4.    History  of  six  cases. 

('r(.<<e  No.  1  -(Nasal  myiasis    in    man). 

20-8-14.  A  mule  driver,  aged  20,  at  Kohat,  North-West  Frontier 
Province,  India.  This  patient  had  had  a  fracture  of  the  nasal  bone  and 
about  6  weeks  later  came  to  hospital  again  stating  that  '  worms  were 
coming  out  of  his  nose.'  He  complained  of  a  burning  pain  in  his  nose 
with  very  acute  exacerbations.  AVhen  examined  in  one  of  these  attacks 
he  was  seen  to  writhe  on  the  beil  in  agony  and  to  cry  out.  Afterwards 
he  would  say  that  '  it  felt  as  if  something  was  eating  the  inside  of  his 
nose.' 

He  had  a  very  severe  headache  ;  his  face  was  swollen  over  the  cheeks 
and  nose  and  there  was  a  continuous  sero-sanguineous  discharge  from 
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Ixith  nostrils.  smellin<»  like  putrid  meat.  His  voice  was  lui.sky  aiul  na.siil 
and  he  could  only  swallow  with  ditHculty. 

On  nasal  examination  the  turbinates  were  so  deeply  swollen  and 
cougestetl  that  the  nasal  passages  were  occluded  and  nothing  else  could 
be  made  out.  The  back  of  the  throat  and  pharynx  was  congested  and 
a  sanguineous  discharge  was  coming  from  the  posterior  nares.  The  roof 
of  the  mouth  at  the  junction  of  the  hard  and  soft  palates  was  inflamed. 
The  breath  was  very  foul. 

The  bowels  were  constipated  and  the  temperature  was  luri'^J<'. 

The  nose  was  syringed  out  with  carbolic  lotion,  but  no  larva;  came 
away.  The  syringing  caused  an  acute  attack  of  pain,  probably  cau.sid 
by  stimulating  the  larva'  which  then  burrowed  deejier  into  the  ti.ssues. 

21-8-H.  Three  larvse  came  out  of  the  patient's  no.se  during  the 
night.  His  voice  was  more  husky  and  swallowing  was  impo.ssible.  The 
headache  was  .still  .severe  and  sleeplessness  marked.  The  inflammation 
on  the  roof  of  the  mouth  had  greatlyincreased  and  there,  was  a  distinct 
swelling  at  the  junctions  of  the  hard  and  soft  jwlates. 

The  nose  was  washed  out  with  a  mixture  of  chloroform  aiul  milk 
and  inhalations  of  eucalyptus  and  creosote  were  given  three  hourly. 
Temperature  102'2^F.     No  more  larva  came  away. 

22-8-H.  A  patch  of  gangrene  about  .}  inch  in  diameter  ajjpeared 
on  the  njof  of  the  mouth.  The  maggots  could  be  seen  moving  about 
amongst  the  dead  tissue.  Fifteen  larvae  were  extracted.  Temperature 
101  °F. 

2.J-8-11.  The  jjerforation  of  the  palate  is  now  about  1  inch  across 
and  20  larvae  were  removed  from  it  with  forceps.  I'ain  very  severe. 
Tenqjerature   lOO'F. 

24-8-11.  Pain  less  .severe  and  fluid  could  be  swallowed  with 
difficulty.     Twenty-two  larva;  were  extracted.     Temperature  normal. 

25-8-11.  The  severe  attacks  of  pain  were  gone  ;ni<l  the  swelling 
of  the  face  was  less.     No  more  larva;  were  extractetl. 

In  about  two  weeks'  time  the  jierforation  on  the  roof  of  the  mouth 
had  healed  and  the  jKttient  was  discharged  from  hospital. 

In  all  00  larvtf  were  recovered  from  this  case  and  the  flics  bred  froni 
these  larva-  were  identified  as  Pi/tnonuma  dux  E.scli.  b\  Mr.  i'".  W .  Etlwardo. 

Da  Silva  (11)12)  thinks  that  the  marked  dysphagia  in  case.>i  of  nasal 
myiasis  is  due  to  the  presence  of  larva.-  in  the  pharynx  and  u-sophagiih, 
but  in  my  opinion  it  seems  more  likely  that  it  is  caused  by  the  inflam- 
mation of  the  palate. 
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('use  No.  2. — (Buccal  myiasis). 

A  sepoy,  aged  35  years,  at,  Kohat,  North- West  Frontier  Province, 
India.  The  patient  came  to  hospital  complaining  of  severe  pain  in  the 
upper  jaw  and  stated  that  '  worms  were  eating  into  his  gums.' 

His  breath  was  extremely  foul-smelling  and  his  upper  lip  was  very 
swollen.  There  was  a  severe  pyorrhoea  alveolaris  of  both  jaws,  but 
especially  the  upper.  The  gunjs  had  receded  from  the  roots  of  the  teeth 
and  there  were  numerous  pockets  of  pus. 

On  examination  numerous  larvae  could  be  seen  moving  about 
actively  beneath  the  flesh  of  the  gums  at  the  roots  of  the  ujjjjer  incisor 
teeth. 

Sixteen  larva;  were  lemoved  and  the  gum  condition  treated. 

Mr.  F.  W.  Edwards  examined  the  flies  hatched  from  these  larva; 
and  jepoited  that  they  were  '  a  Pycnosoma  much  resembling  P.  dux 
except  in  the  formation  of  the  eye  facets.  We  have  a  number  of 
specimens  of  it  from  Queensland,  but  have  not  been  able  to  find  a 
name  for  it.' 

The  larvae  from  this  case  were  unfortunately  lost,  so  I  am  unable  to 
give  a  description  of  it. 

This  case  seems  of  special  interest,  as  I  can  only  find  references  in 
literature  to  three  other  cases  of  myiasis  of  the  mouth.  Munk  recorded 
maggots  in  the  mouth  and  Brandt  (1888)  observed  maggots  in  the 
gums  of  a  sick  person. 

Timpano  (1914)  reported  a  case  of  myiasis  of  the  gums  in  Italy 
in  a  jwtient  with  mercurial  gingivitis. 

Case  No.  3 — (Cutaneous  myiasis  in  man). 

A  woman,  aged  25  years,  in  the  Civil  Hospital,  Parachinar,  Kurram 
Valley,  North -West  Frontier  Province,   India. 

This  case  came  to  hospital  suffering  from  severe  burns  over  the 
body  and  arms.  The  wounds  were  more  marked  over  the  hands  where 
the  deep  muscles  and   tendons  were  involved. 

The  fingers  were  contracted  and  in  the  sloughing  tissue  of  the  palms 
a  large  number  of  maggots  were  to  be  seen. 

These  were  removed  with  forceps.  In  ail  45  larvEc  were 
removed.  The  flies  which  hatched  out  from  these  were  identified  by 
Mr.  F.  W.  Edwards  as  Lucilia  senicata,  Mg.,  the  common 
'  sheep-maggot  fly  '  found  in  Europe. 
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Case  Xo.   1 — (t'utaueoiis  myiasis  iii  a  ilog). 

At  Ruuui,  North- West  Frontier  Province,  Iiulia,  in  May,  I'.MT,  a 
number  of  fly  larva>  were  removed  from  a  septic  wound  behind  tlie  car 
of  a  dog.     The  larvap  were  of  two  types,  a  large  and  a  small. 

Dr.  Guy  Marshall  identified  the  flies  which  hatched  out  frinii  tlic 
large  tvpe  as  SurcuplKigu  riijivoniis,  F.,  and  those  from  the  small  type  a>i 
Chnjsomyia    dux.  Esch. 

CdDc  .Vo.   o^Cutaneous   myia.sis  of  a    camel). 

In  April  1918,  a  number  of  maggots  were  removed  from  a  wound 
in  the  knee  of  a  camel  at  Ru,shkar,  near  Turbat-i-Haidiri,  Khorasan 
Province,  Persia. 

The  flies  from  these  maggots  were  idcntiliod  by  Major  E.  E.  .Vuhti-n 
as    Wuhljuhitiu  sp. 

Case  Xo.  G — (Cutaneoius  myiasis  in  a  camel). 
In  June  1918,  at  Meshed,  Khorasan  Province,  Persia,  a  number  of  flj' 
larvae  removed  from  a  septic  wound  in  a  camel's  nose  caused  by  the 
nose-peg  hatched  out  in  flies  identified  by  Major  Austen  as  Sarcophtuja 
sp.     The  larva;  from  this  case  were  lost  unfortunatel)'. 

5.    Technique. 

The  living  larvae  were  removed  from  the  lesions  with  as  little  injury 
as  jxjssible.  It  is  better  to  remove  the  larvae,  if  possible,  before  any  ant i- 
.septic  has  been  used  in  order  that  their  vitality  may  not  be  elfected.  If 
an  antiseptic  ha.s  been  used,  it  is  better  to  wash  the  larvje  quickly  in 
normal  .saline  solution  after  removal. 

The  larvae  were  then  placed  in  a  wide-mouthed  bottle  or  jar 
containing  five  or  six  inches  of  clean  dry  sand,  on  the  surface  of  which  a 
piece  of  meat  has  been  placed.  The  utmost  care  must  be  exercised  that 
other  flies  do  not  deposit  their  eggs  or  larvae  on  this  meat.  The  mouth  of 
the  bottle  or  jar  is  covered  with  two  or  three  layers  of  ver}'  fine  gauze 
both  to  prevent  the  adult  flies  from  escajang  and  what  is  very  important  to 
prevent  other  flies  from  infecting  tlie  meat.  In  this  connection  it  shoulil 
be  remendjered  that  some  of  the  Sanophayitlae.  which  are  larviparotis. 
can  deposit  their  larva-  from  a  distance  of  several  inches. 

If  a  piece  of  .slough  can  be  taken  from  the  lesion  and  placed  on  the 
meat,  it  is  an  advantage. 
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When  placed  in  the  bottle  the  larvae  hasten  to  get  away  from  the 
li<{lit  ;  if  mature,  tliey  immediately  burrow  into  the  sand  ;  if  immature, 
they  hide  under  the  meat. 

The  mature  larva;  usually  burrow  down  three  or  four  iiiehes  into  the 
sand  an<l  remain  quiescent  for  a  day  or  two  before  they  turn  into  jjupa;. 

After  all  the  larva?  have  burrowed  into  the  sand  the  meat  should 
be  removed.  When  the  adults  hatch  out,  they  shoidd  be  allowed  to 
remain  at  least  2t  hours  before  being  killed  and  mounted,  as  the  charac- 
teristic colours  take  some  time  to  develop. 

The  larvpe  are  best  preserved  by  dropping  them  into  boiling  water 
to  kill  them  and  make  them  extend  at  the  same  time,  from  this  they  are 
transferred  to  70  per  cent  alcohol  or  10  per  cent  formalin. 

Permanent  preparations  of  various  parts,  such  as  stigmata,  sclerites, 
etc.,  can  be  prepared  by  cutting  away  a  part  of  the  larvae  containing 
the  desired  structure.  An  old  safety-iazor  blade  is  very  useful  for  this 
purpose.     (MacGregor.) 

The  piece  is  then  boiled  for  a  minute  in  10  percent  caustic  potash 
solution  and  allowed  to  soak  for  5  or  10  minutes.  The  required  joart  can 
then  be  dissected  out,  freed  from  adventitious  tissue,  washed  in  water, 
dehydrated,  cleared  and  mounted  in  balsam. 

In  making  preparations  of  the  ]josterior  end  to  .show  the  tubercles 
better  results  were  obtained  by  cutting  off  this  part  and  simply  dehydrat- 
ing, clearing,  and  mounting  in  balsam  as  there  was  less  distortion  of  the 
parts,  because  the  tissue,  which  would  be  softened  by  the  caustic,  remains 
as  a  support. 

6.     Description  of  the  species  of  fly  found. 
(A).     Pycnosoma  Dux,  Esch. 

/.  liftival  sta,ge. — The  la rv^ae  removed  from  the  above  case  of  nasal 
myiasis  pu))ated  on  the  day  following  their  removal  from  the  bodv. 

The  larva  (I'li.t  •  VII,  Fig.  1)  is  a  footless  maggot,  thin-skinned  and 
glistening  white  in  colour.  "When  examined  with  the  naked  eve,  the 
most  conspicuous  objects  arc  the  black  hook-like  mandibular  sclerites 
at  the  anterior  end  and  the  brown  stigmal  plates  on  the  oblicpiely 
truncated  posterior  end. 

When  fully  extended,  the  larvaj  varied  in  length  from  U  mm.  to 
IG  mm.  and  were  about  3;j  mm.  wide  at  their  broadest  jMrt. 

There  is  no  properly  differentiated  head,  the  body  is  segmented  and 
the  segments  are  provided  with  rings  of  spines  which  assist  the  larvse 
in  locomotion. 
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Thi-  Jiyuici  were  Uraun  with  an  .lljbe  cantera-lncUla  aivl  in  (dl  lie  i(<iiire.-<  the. 
Hiagnijicalion  is  shonn  beside  Ote  figurf. 

The  larva  of  I'ycnosoma  dux,  fiecli. 

Fig.     1.     LaU'ral  view  of  the  larva. 

Fig.     2.      Ventral  view  of  anterior  eiiU  of  larva. 

M.'  P.    '  S<;nsory  '  papilke. 

M.  S.    Hooks  of  mandibular  scleriU-s. 

8.  D.     ■  Stomal  disc.' 

M.     Mouth. 

A.  S.     Anterior  spiracles. 
Fig-     .3.     Lateral  view  of  anterior  end  ot  larva. 

0.  L.     '  Oral  lobes.  . 

P.  C.      '  Pseudo-cephalon." 

N.  S.     Second  cephalic  or  '  Newport's  M'gm  III.' 
I  1 .  T.      First  thoracic  segment. 

2.  T.      Second  thoracic  segment 
Other  letters  iis  in  Fig.  2. 
Fig.     \.     Lateral  view  of  anterior  end  of  larva  in  the  contractel  oimditi'jn. 
Fi'i.     jj.     Section  through  grooves  of  "  stomal  disc' 
Pig.     6.     Anterior  spiracles. 

Fig.     7.     Anterior  spiracles  showing  comineneement    of  trachea.     (T). 
Kg.     8.     ('ephalu-|>harynj'cal  sclcrites. 

M.  S.     Mandibular  .sderite. 
{  D.  S.     |>eutatc  sclerite. 

P.  S.      Parasternal  sclerite. 

H.  S.     Hyiiostomal  sclerite. 

L.P.S.  Lateral  pharyngeal  sclent'- 
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The  anterior  half  f)f  the  body  is  conically  ( yliiulikal,  wliile  tlie 
posterior  portion  is  like  a  cylinder  with  an  dbliijuely  tnnuati-d 
extremity.     The  larva  is  slightly  flattened  dorso- vent  rally. 

(a)  The  cephalic  segments. 

The  first  .segment  (IMate  VII,  Figs.  2,  :\  and  4) "  for  which  Ilennegny's 
term  "  j)seudo-cephalon  '"  is  very  snitable,  probably  represents  a  much 
re<luced  and  degenerate  cephalic  segment,  its  present  form  being  best 
suited  for  the  animal's  mode  of  life."     (Hewitt  1910.) 

This  segment  is  conical  in  shape  and  is  bent  towards  the  umler 
surface  of  the  larva,  so  that  the  mouth  is  directed  veutrally.  It  carries 
none  of  the  spines  found  on  the  other  .segments. 

When  .seen  from  the  ventral  aspect,  the  pseudo-cephalon  has  a  more 
or  le.-vs  oval  appearance.  (Plate  VII,  Fig,  2.)  It  consists  of  two  roundetl 
lateral  portions  (the  '  oral  lobes  '  of  Hewitt)  continuous  with  each  other 
behind  but  .separated  in  front  by  the  mouth  and  the  grooves'in  which 
the  mandibular  sclerites   lie. 

The  ventral  surface  of  each  oral  lobe  is  chiefly  occupied  by  a 
hemispherical  area  named  by  Lowne  (1890)  the  '  stomal  disc,'  and  wlii(  li 
is  coverefl  bv  series  of  fine  grooves  which  converge  towards  the  mouth. 
If  these  grooves  are  followed  distally,  they  will  be  found  to  branch 
dichotomously  and  to  encroach  partly  on  lln'  latcial  surfaces  of  tlio  oral 
lobes.     (Plate  VII.  Figs.  2  and  .3.) 

In  section  these  grf)oves  (Plat9  VII,  Fig.  5)  are  seen  to  form  a  series 
of  partly  covered  channels  one  edge  of  whicli  overhangs  the  other. 
These  channels  are  f /I  to  T/^in  diameter  and  the  distance  between  the 
centres  of  adjacent  grooves  is  about  IC/x 

It  is  along  these  channels  that  fluid  material  runs  into  the  mouth, 
and  Ix>wne  (1890)  thinks  that  they  also  serve  to  di.stribute  some  secre- 
tion over  the  food.  They  may  be  compared  to  the  p.seudo-tracha;  of 
the  house  fly  and  probably  perform  a   similar  function. 

Arising  from  the  anterif)r  portions  of  the  oral  lobes  on  their  dorsal 
aspects  are  two  hemispherical  projections  (Plate  VII,  Figs.  2  an<l 
.?  M.P.)  which  are  .separated  by  a  deep  groove  in  the  middle  line, 
F^ich  of  these  carries  two  mamma-like  papillsp  on  its  apex,  one  behind 
the  other.  The  posterior  papilla  (Plate  VIII.  Fig.  HI)  is  surmounted 
bv  a  cylindrical  projection,  from  a  concavity  in  the  end  of  whi<-h  n 
short  conical  structure  projects.  The  anterior  papilla  (Plate  VI 11. 
V\<'.  9)  has  a  .small  raised  ring  of  chitin  (m  its  .summit,  in  the  interior 
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of  whirh  appixus  a  flattpiicd  ])late  with  a  few  small  projections  on 
it.  In  cleared  and  mounted  specimens,  the  structures  described  above 
are  seen  to  l)e  connected  with  oval  masscii  in  the  interior  of  the  papilla', 
prohablv  of  a  ijauglionic  character. 

These  jjapill*  arc  probably  sen.sory  organs  of  an  unknown  nature. 
Very  similar  structures  have  been  described  by  Kcilin  (1917)  in  the 
larva  of  Mehnochelia  rijxirui  and  he  considers  the  posterior  structures 
to  be  the  antenna-  and  the  anterior  the  maxillary  palp.  Lowne  (1890) 
believes  that  the  'oral  lobes'  with  these  sensory  projections  each 
represent  a  two-jointed  maxilla,  but  Hewitt  (1910)  states  that  their 
'homology  with  the  maxilla'  is  very  problematic  and  at  piesent  is  not 
safely   tenable." 

The  mandibular  sclerites  or  '  great  hooks  '  (Plate  VII,  Fig.  2  M.S., 
and  Fig.  8  M.S.)  when  retracted  lie  in  two  narrow  grooves  on  the  ventro- 
)nedian  surface  of  the  oral  lobes.  These  grooves  are  separated  by  a 
process  shaped  like  an  inverted  Y  with  an  elongated  stem.  Tlw  limbs 
of  the  Y  help  to  form  the  posterior  boundary  of  the  )nouth.  At 
the  upper  end   of  this  process  are  two  small  papilla". 

The  mouth  (Plate  VII,  Fig.  2  M)  is  more  or  less  triangular  in  shape. 
The  base  or  posterior  margin  is  formed  by  the  labium,  which  consists 
of  two  small  lateral  lobes  and  a  larger  central  one.  The  grooves  of  the 
stomal  discs  unite  to  form  larger  channels  which  enter  the  mouth  near  the 
lateral  angles,  but  there  is  no  ajjparent  connection  between  the  mouth 
and  the  grooves  in  which  the  '  great  hooks  '  lie. 

When  retracted  the  '  pseudo  cephalon  '  is  almost  entirely  with- 
drawn inside  a  collar  formed  by  the  next  segment  (Plate  VII,  Figs.  2 
and  4).  When  the  mandibular  sclerites  are  retracted,  the  oral  surface 
forms  a  shallow  hollow  for  the  reception  of  foodstuffs  with  the  mouth 
at  its  deepest  part,  but  when  they  are  protruded  the  oral  surface 
becomes  flat  or  even  convex. 

The  functions  of  the  great  hooks  seem  to  be  two  in  number;  firstly, 
to  assist  in  locomotion  by  acting  as  tractors  ;  and,  secondly,  to  draw  food 
towards  the  mouth. 

The  cephalo-pharyngeal  sclerites  (Plate  VII,  Fig.  8).  These  consist 
of  (1)  the  mandibular  sclerites  (M.S.):  (2)  the  hypostomal  sclerites 
(H.S.)  ;  (3)  the  dentate  sclerites  (D.S.)  ;  (4)  the  lateral  pharyngeal  sclerites 
(L.  P.  S.)  ;  and  (5)  the  parastomal  sclerites  (P.S.).  These  sclerites  consist 
of  dark  brown  or  black  chitin  except  for  the   ends  of  the   posterior 
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processes  of  the  latenU  sclerites  which  are  fornieil  i)f  almost   rohmrless 
chitin. 

(1)  The  inaiiililmlar  silerites  or  '  <;reat  luioks."  'I'hi'  liomolojjy 
of  these  is  unoertaiu  but  Lowiie  (18!Kt)  l)elieves  tlieni  to  represent  thf 
retractile  hooks  of  the  niaxilliw  while  other  observers  think  that  they 
are  fiiseil  mandibles. 

Tliev  lie  in  grooves  on  tiie  inner  margin  of  tlic  stomal  disc  and  when 
extended  form  very  conspicuous  objects.  In  total  length  they  measure 
about  045  mm.  Each  consists  of  a  black  chitinous  hook  with  three 
j)roce8.ses  near  its  posterior  end  namely,  the  head,  the  coronoid  and 
tlie  discoidal   processes. 

The  hook  is  about  O'liHmm.  in  length  and  on  its  ventral  suifacu 
near  the  discoithd  process  are  four  sinaii  irregularities  ratiier  tooth-like 
in  character. 

The  head  is  the  central  of  the  three  processes  and  articulated  by  a 
curved  facet  with  the  hypostomal  sclerite. 

The  coronoid  or  postero-superior  process  whicli  is  not  well  developed 
in  this  larva  fonns  the  point  of  insertion  of  the  mandibular  retractor 
muscle.  The  di.scoidal  or  postero-interior  process  is  closely  adherent 
to  the  '  stomal  disc  "  on  either  side  of  the  mouth,  and  it  is  because  of 
this  attachment  that  when  the  ma.xillary  sclerites  are  drawn  towaids 
tlie  mouth,  the  surface  of  the  'stomal  disc"  is  also  depressed  and  the 
cup-like  hollow  is  formed  for  the  reception  of  food. 

(2)  The  hypostomal  .sclerite  is  composed  of  an  irregular  vertical 
plate  on  either  side  united  by  a  ventral  crossbar  of  chitin.  It  articulate.'^ 
in  front  with  the  mandibular  and  posteriorly  with  the  lateral  pharj'ngeal 
sclerites. 

(3)  The  dentate  sclerites  are  more  or  less  triangular  ))ieces  of  chitin 
which  articulate  with  the  infero-lateral  surfaces  of  the  mandibular 
sclerites  just  behind  the  di.scoidal  process.  The  mandibular  depressor 
mu.scle   is  attached   to   it. 

(1)  The  lateral  pharyngeal  sclerites  each  consist  of  a  body  and 
four  processes  of  which  two  nm  directly  forward  and  two  directly  back- 
wards. The  bo<ly  is  squarish  and  is  united  with  its  fellow  of  the  o|)iK)!'ite 
side  by  a  ventral  bar  of  chitin.  The  antero-superior  process  is  small  and 
hook-like  and  is  sejwratefl  by  a  notch  from  the  anteroinferior  process 
which  is  square  and  articulates  with  the  hypostomal  sclerite.  This 
inferif)r  process  by  its  upper  angle  in  front  also  afforfls  an  attachmeut 
for  the  jwra.stonial  sclerite.     The  postero-superior  j)rocess  is  wing-sliapcd 
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and  is  iiiucli  lonjjor  than  the  jxistero-iiiforior  jirocess  from  wliich  it  is 
separated  by  a  deej)  notch. 

The  postero-iiiferior  process  may  have  an  oval  perforation  in  the 
dark  chitinous  portion  or  may  be  composed  of  two  wings.  It  is  united 
with  its  fellow  of  the  opposite  side  b}'  a  narrow  ventral  bar. 

(.5)  The  parastomal  sclerites  are  narrow  curved  rods  wliicli  run 
upwards  and  forwards  from  the  antero-inferior  process  of  the  lateral 
pharyngeal  sclerites.  The  retractor  muscle  of  the  mandibular  sclerite 
takes  origin  from   it. 

The  second  cephalic  segment  (called  '  Newport's  segment  "  by 
Lowne)  is  cylindrical  in  shape  and  covered  completely  by  minute 
spines  pointing  backwards.  It  is  separated  from  the  first  thoracic 
segment  by  a  faint  sulcus.  It  is  within  this  segment  that  the 
'  pspudo-ce)ihalon  "  can  be  retracted. 

(b)   The    ihoracic    segments. 

These  are  three  in  number.  The  first  thoracic  segment  has  a 
semilunar  patch  of  spines  on  its  antero-ventral  margin  which  e.xtend 
for  a  short  distance  on  to  the  sides  also.  This  segment  is  only  separated 
by  a  faint  sulcus  from  '  Newport's  segment  '  and  when  the  larva 
is  contracted  these  two  segments  appear  to  be  continuous. 

The  rest  of  this  segment  is  smooth  and  is  separated  from  the  spinous 
anterior  border  of  the  second  thoracic  segment  by  a  faint  groove. 

The  anterior  spiracles  are  situated  on  the  sides  of  the  first  segment 
near  its  posterior  margin.  They  are  two  in  number  and  are  fan-shaped 
with  a  castellated  free  margin.  (Plate  YII.  Figs.  6  and  7).  They  arise 
out  of  two  oval  hollows.  Their  free  margin  carries  6  papillae  (wliich 
are  about  3?/a  in  diameter),  on  the  top  of  each  of  which  is  an  oval 
opening  2r/x  across.  These  openings  are  surrounded  by  a  ring  of  chitin 
from  whith  a  fringe  of  minute  spicules  project  into  the  lumen  to  prevent 
the  entrance  of  extraneous  particles  into  the  trachea.  In  cleared  and 
mounted  specimens  the  openings  are  seen  to  run  into  a  common  tube 
shaped  like  an  hour-glass.  (Plate  A'll,  Fig.  7.)  The  anterior  spiracles 
are  only  developed  at  the  second  ecdysis. 

The  other  two  thoracic  segments  have  a  well-marked  collar  of  spines 
running  completely  around  their  anterior  margins,  while  the  remainder 
of  the  segments  is  smooth. 

The  spines  of  these  segments  point  backwards  and  are  rather 
irregularly  arranged,  but  in  some  cases  four  or  five  rows  can  be  made  out. 


i 
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Tkxt  Fk;.     I. 


(c)   y/fP  abdominal  seginfnts. 
These  are  0  in  number,  it  is.  however,  a  disixited  point  wlietlipr  tlie 
ninth  or  anal  segment  should  be  con.sidered  a  separate  segment  or  only 
|«rt  of  the  eighth  but  this  will  be  distu.ssed  later. 

The  widest  j>art  of  the  body  is  at  the  tliinl  ami  iourth  abdominal 
segments  and  from  this  the  body  tapei-s  gradually  towards  the  anterior 
en<l  birt  less  markedlv  towanls  the  posterior  extremity.  The  last  two 
.segments  are  much  smaller  than  the  preceding  ones. 

Each  segment  is  separated  from  tlie  adjacent  ones  by  a  gioove 
running  round  the  body.  The  anterior  portion  of  each  segment  i.s 
surrounded  by  a  ring  of  spines  which  are  absent  from  the  ])osterior  part. 

The  first  aklomiual  segment 
resembles  the  thoracic  ones. 
The  next  .seven  .segments  differ 
from  the  first  in  the  more 
marked  develo|)ment  of  the 
spinous  ring,  especially  on  the 
ventral  surface  and  in  the 
arrangement  of  the  spines. 
The  ventral  portion  of  the  ring 
is  wider  and  is  divided  into 
two  parts  by  a  transverse 
groove. 

On  the  lateral  surfaces  of 
the  rings  there  is  a  small  oval 
portion  cut  off  from  the  main 
ring  by  a  curved  groove. 

The  dorsal  portion  is 
undi\-ided.  The  abdominal 
and   thoracic    .segments    have 

also  a  number  of  low  tubercles     DiaRram  of  the  spinous  areas  and  tubercles  on 

the  bo<ly  of  the   larva  of -P.  '/mx.     The  dark 

which   are   shown    diagraiuma-  areas   represent   the  spines  and   the  cirelt-s 

..      ,,  ,  .  ,  ,  the  tubercles.     1>.  is  the  dorsal  surface.    L. 

ticallv        along         with         the  is  the  lateral  surface.    V.    is   the    ventral 

.      "  -      .      X   ^.  .  surface.    The     other     Ictteis    and    figures 

spinous  areas  m  text  figure  1.  denote  the  sexmcnts.' 


•   In    the    specimens    from    which    these    diagrams    wen-    mode,  the    head  anil 

posterior  extremity  were  rcraoved  and  the  body  wall  was  cut  along  the   middorsul 

lino     The  bfidy  was  then  treated  with  caustic  potash  solution  and  all   the  soft  pnrl- 

romovcd,  after  which  the  thin  chilinons  wall  was  spread  out  Ant  nnd  mounted. 

J     Mli 
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Text  Fio.    2. 


The  postciior  end  of  tlie  body  is  fonned  liy  the  eighth  and  ninth 

segments. 

The  eighth  abdominal  segment  like  the  '  pseudo  cephalon  '  can  be 

retracted  inside  a  collar  formed  by  the  seventh  segment,  from  which  it 

is  separated  by  a  distinct  groove.     The  anterior  ring  of  booklets  is  not 

so  well  marked  as  in  the  other  abdominal  segments. 

This  segment  has  on  its  postero-superior  surface  a  .saucer-like  hollow 

which  looks  upwards  and  backwards  at  an  angle  of  150°  to  170°  to  the 

long  axis  of  the  body.     Text  figure  2  is  a 

diagrammatic  representation  of  a  median 

sagittal  section  through  this   hollow.     It 

is  in    the   posterior  part    of  this  hollow 

that  the  posterior  spiracles  lie. 

The  hollow  (Plate  VIII,  Fig.  12)   is 

surrounded  by  a   thick    lip    carrjang  a 

series  of  pointed  tubercles,  and  this  lip  is 

cut  off  from  the  rest  of  the  segment  by  a 

circular  sulcus.     (Plate  VIII.  Fig  13.) 

The  hollow  is  divided  into  a  ventral  and 

a  dorsal  portion  by  a   transverse  groove. 

In  the  ventral  part,  which  is  placed  at  an 

angle  of  about  120°  to  the  dorsal,  are  two 

'*through"the  posteVior  end  "of    circular  depressions  between  which  a  flat 
the  larva  of  F.  dux.  u„   i    j.      al     j.  „ 

area  runs  back  to  the  transverse  groove. 

These  depressions   probably  represent  the  attachment  of  nuiscles. 

The  stigmal  plates  lie  in  the  dorsal  part  of  the  hollow.  In  the  full- 
grown  larva  the  plates  are  more  or  less  fan-shaped  chitiuous  areas  slightly 
raised  above  the  surrounding  tissue.     (Plate  VIII,  Figs.  12  and  15.) 

Their  external  and  dor.sal  surfaces  form  a  rounded  margin,  while 
the  internal  and  the  ventral  edges  are  nearly  straight. 

The  distance  between  the  oviter  margins  of  the  jjlates  is  0'79  mm.  to 
0-82  mm.,  and  between  the  inner  margins  from  0050  mm.  to  O'OTO  mm. 

The  margin  of  the  stigmal  jjlate  is  com])osed  of  a  well-marked  ring 
of  dark  brown  chitin  which  becomes  very  faint  at  the  junctions  of  the 
internal  and    ventral    marginis— the   "hilum.' 

At  this  point  a  small  oval  area  can  be  made  out,  which  has  been 
called  the  'button,'  this  is  poorly  dfveloped  in  this  larva  (cf.  Lucilin 
seriicata) ;  this  area  probably  represents  a  muscular  attachment.  The 
distance  between  the  centres  of  the  buttons  is  about  0"18  mm. 


Diagram 


median       section 


■-}(. 


■'  KxPLAKATION    Of   PlATE    VIII. 

'I  lie-  larva  ami  i)Ui)a  of  Pif(  nonvtixi  ihu  ,  Escli. 

Fij:.     1^.     Thf  sensory  (?)  organ  on  thf  anteridr    '  sensory  '    |>ai>ilhi  on  the 

'  pseudocephalon.' 
Fii!.  V).     The  sensory  ['.)  orcan  on  tlie  posterior  papilla    of  tlic    '  pscuilo- 

cephalon. 
Kif.'.   11.     .Spine«  from  the  larva — 

(a)  Spine  froiu  abdominal  ring*. 

(b)  Spines  from  '  ]posterior  hollow. 

(c)  Spines  from  margin^  of '  posterior  hollow.' 

Fiji.   12.     Posterior  view  of    '  jio.iterior   hollow  "  ..f  Sth  ;iti(loiniiiiil  secmi-nt 
of  lar\  u. 

.A.  P.     Aual  papiliif. 

,A..  L    and  (.'.     Tubercle.s  on  \ entral  edjie  ol    '  postt-rioi  liolli.w. 

U.,  E.  and  F.     Tubercles  on  dor.'^al  edge. 

P.  S     Posterior  stii:mal_,platv. 
Kij;.  I"'.     Lateral  view  of  8th  abdon  ina!  seanen  . 

Letters  as  in  Fig.  12. 
Fifl.   14.     Ventral  view  of  Hlh  and  9th  Mbdomiiiui  s.'tiiuent:^. 

P.  K.     Po.«it-an;ii  ridge. 

Other  letters  as^^in  Fig   Vl. 
Fi|f.   ir>      C'lstt-rior  stigmal  pl'iti.-s  of  hirvti. 

B.         The  '  button." 
Pig.   16.     Ventnil  view  of  p'lpa. 

A.  Niiterior  eii-l. 

P.  I  "o.st  prior  end 
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In  «ul»  ]>lato  there  are  three  sejxirate  slits  openiiij;  into  tlie  trachi  a-. 
These  an'  sausaf;e-sha]HMl  and  run  upwards  and  dors^iUy  from  the  button 
and  in  the  following;  descriptions  they  will  be  called  the  internal,  the 
central  and  the  external  shts  for  ease  of  reference.  The  central  slit  is 
slightly  the  longest  and  varies  in  length  from  Q'l'y  nun.  to  0-30 nun. 
and  in  breadth  from  008  mm.  to  010  mm.  Tliis  slit  runs  at  an  angle 
of  about  45°  to  the  median  sagittal  plane  (varying  from  40°  to  50°  in 
ten  specimens  examined). 

These  stigmal  oriHces  have  a  well-marked  tliickened  margin  of  dark 
bn)wn  chitin,  and  from  each  side  of  the  opening  run  out  a  .series  of 
projections  arranged  in  two  layers. 

The  outer  layer  consists  of  a  series  of  spines  projecting  into  the 
o|>ening  and  numbering  from  25  to  30  on  either  .side  of  the  central  slit 
and  from  20  to  25  in  the  lateral  slits.  From  the  under  surface  of  these 
spines  bars  run  downwards  to  anastomose  with  the  inner  layer  of  bars, 
the  fornier  bars  also  send  branches  to  the  bars  on  either  side  of  them,  so 
making  a  series  of  vertical  and  horizontal  loops. 

The  inner  layer  consists  of  a  series  of  stout  cliitiiious  bars  which 
run  across  the  slits  from  side  to  .side.  The  bai-s  may  be  branched  or 
unbranchetl  and  the  branches  usually  anastomose  with  the  adjacent 
bars. 

The  branching  is  not  however  regular,  so  no  definite  pattern  is  formed. 

The  main  bars  number  from  10  to  18  in  the  central  slit.s  and  from 
13  to  1(5  in  the  lateral  ones.  There  are  no  small  spicules  projecting  from 
the  bars  as  seen  in  Sarcophaga  nificornis. 

The  posterior  hollow  is  surrounded  by  a  thickened  lip  which  carries 
a  series  of  twelve  tubercles  of  varying  size.  (Plate  VIII.  Figs.  12,  13  and 
1 1.)  Tliese  tubercles  may  be  di\'ided  into  those  on  the  ventral  portion 
and  those  on  the  dorsal.  On  the  ventral  part  arc  .six  tubercles  arranged 
in  jwirs-  (A)  a  central  pair  of  small  blunt  papillir  lying  almo.st  vertically 
beneath  the  centres  of  the  stigmal  plates,  (B)  a  large  lateral  i)air  of  a 
manimillary  type  with  a  small  nipple-like  projection  on  the  summit  and 
with  a  ba.se  surrounded  by  concentric  rings,  ami  (C)  a  medium-sized 
pair  similar  to  the  last  but  situated  more  dorsally  and  seiianited  from 
them  by  an  oblique  groove.  On  the  dorsal  pfjrtion  of  the  edge  are  three 
morf?  pairs  of  tubercles — (D)  a  large  pair  similar  to  (B)  and  situated 
opposite  the  ventral  edge  of  the  .stigmal  plate.'^,  (K)  a  small  papilla-like 
pair  on  the  dorsal  .side  of  the  bases  of  the  la.st  ijair.  nnd  (F)  a  dorM)-ci-nttul 
pair  very  like  (C)  in  size  and  shape. 
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The  ventral  ]ioi-1ioii  and  tlie  iiiar<;ins  of  tlie  luiUciW  are  rovered  with 
a  series  of  small  sjiines  varvinj;  (-reatly  in  size, those  en  the  liollow  beiiiglhe 
smaller  (Plate  YIII.  Fij;.  11-b.)  and  those  on  the  outer  edges  of  the  lijj 
the  larger  and  may  be  bifid  or  tiitid  (I'lato  Vlll.  Fig.  lie.).  The  spines 
are  arranged  in  semilunar  groups  of  ")  to  10.  those  on  tlie  hollow  being 
more  or  less  transverse,  while  those  on  the  margin  are  more  or  less  parallel 
to  it.  At  the  base  of  the  tubercles  they  tend  to  form  lings  around 
them. 

The  ninth  or  anal  seijmenl.—lhxs.  segment  is  attached  to  the  ventral 
surface  of  the  eighth  segment  and,  when  tlie  posterior  end  of  the  larva 
is  fullv  expanded,  this  segment  and  the  ventral  li]i  of  the  hollow  form  a 
marked  projection.     (Plate  VIII.  Fig.    K?.) 

The  base  of  tliis  segment  is  surrounded  by  a  ring  ot  spines  which 
extends  on  to  the  ridge  between   the   anal  appendages.     (Plate  YIII, 

Fig.  14.) 

The  most  cons]Mcuous  objects  in  tliis  segment  are  tlie  two  anal 
ajijiendages  each  of  which  has  a  conical  base  suiinonnted  by  a  horn-like 
projection  ending  in  a  small  pointed  papilla.  The  base  is  separated  by  a 
distinct  sulcus  from  the  horn-like  projection  wliich  is  surrounded  by  a 
series  of  faint  rings.  (Plate  YIII.  Fig.  14.)  The  bases  are  joined  by  a 
transverse  ridge  behind  the  anus.  Between  this  ridge  and  the  anus  lies 
a  shallow  hollow. 

The  anus,  which  is  directed  ventrally'.  is  a  vertical  slit  with  a  thick 
lip  on  either  side. 

AMiet'her  the  anal  segment  of  iluscoid  larvre  is  a  separate  segment 
or  only  part  of  the  eighth  segment  of  the  abdomen  is  dis}mted.  Hewitt 
(1910)  thinks  that  it  is  not,  but  Lowne  (1890)  supports  Biauer  (1882) 
in  believing  it  to  be  a  separate  segment,  because  '  the  complex  nature  of 
the  last  segment  is  not,  I  think,  doubtful,  but  is  manifest  by  the  existence 
of  a  pair  of  ventral  appendages  close  to  the  anus  each  of  which  consists 
of  three  joints  and  a  small  ventral  ]ilate.'  I  am  inclined  to  agree  with 
Lowne  for  the  following  reasons,  because  (1)  if  we  examine  the  other 
abdominal  segments,  we  find  a  ring  of  booklets  at  their  anterior  margins 
similar  to  those  found  on  the  anal  .segment  in  itsantei-ior  part ;  (2)  there 
is  a  striking  resemblance  between  the  posterior  end  of  this  larva  and 
that  of  an  anopheline  larva  in  the  jxisition  of  the  posterior  stigmata  and 
of  the  anus,  and  the  anal  segment  of  this  larva  may  be  taken  to  represent 
the  9th  abdominal  segment  of  anopheline  larvse  and  the  anal  appendages, 
the  ventral  papillse. 
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11.      Tm:  Pri'AL  Stack. 

In  the  cases  under  lonsidenuion  the  jmpal  staji^o  last  til  .s  to  It  days. 

The  j)U|«i  was  of  a  rich  dark  brown  colour  and  nieasure<l  10  nun. 
to  \1  nun.  in  Ien>;th  liv  about  \  mm.  in  breadth. 

When  the  larva  begins  to  pupate  it  contracts  as  a  whole,  but  the 
contraction  is  nmst  marked  in  the  case  of  the  anterior  segments  which 
are  entirely  withdniwn  until  the  anterior  spiracles  come  to  lie  at  the 
anterior  end  of  the  b(Kly. 

Two  new  pnjjal  sinrades  are  formed  as  small  spinc-liko  jnojections 
doi-so-laterally  at  the  junction  of  the  1st  and  2ml  abdominal  segments. 

On  the  abdominal  and  thoracic  segments  the  rings  of  spines  can  le 
made  out  and  the  crntrartion  of  the  body  is  shown  by  a  series  of  circular 
ridge.-i  rniming  around  the  body  between  the  rings  of  spines. 

.\t  the  jiosterior  end  of  the  body  the  characteristic  stigmal  ))lates, 
the  tubercles  around  the  hollow  and  the  anal  appendage.?  can  be  made  out. 

The  imago  escapes  from  the  anterior  portion  of  the  pupal  case  by  a 
circular  slit  near  what  corresponds  to  the  anterior  margin  of  the  first 
ab<lominal  segment  of  the  larva.  This  cap-like  portion  is  u.sually  split 
into  two  halves  by  two  lateral  cracks  rimiiing  forwards  horizontally  and 
meeting  at  the  anterior  end. 

In  the  interior  of  the  empty  pupa  case  can  be  seen  tlie  tliscaidcd 
trachcjil    tubes. 

III.    AniLT  Stage. 

These  are  metallic  greenish  or  bluish,  thickest  flies  with  characteristic 
orange  re«l  cheeks. 

The  generic  characters  of  the  genus  Pi/vnonohia,  Brauer  and 
Bergenstamm  (1893).  are  'a  (alliphorine  with  metallic  bluish  or 
greenish  body.  The  third  longitudinal  vein  of  the  wing  is  bare  or 
Homctimes  hairy.  The  thora.\  is  without  longitudinal  dark  bands.  In 
the  male  the  facets  of  the  upper  f,  or  J  oi  the  <'\c  are  slightly  larger.' 
(Brumpt  191.-J.) 

Patton  and  Cragg  (iyi3)  al.so  mention  tlit;  following  generic 
characters:--"  t'losely  allietl  to  LuciUn.  Cheeks  usually  bull  or  orange 
red.  Po.sterior  dor.so-central  and  aciostichal  bristles  well  f|evel<i])ed. 
Stemoplennil  bristles  only  two  in  number  arranged    1:1.' 

The  identification  of  the  different  .spedes  is  a  diHicult  matter  and 
for  accuracy  it  is  advisable  to  send  specimens  of  the  adult  male  and  female 
flies  to  Major  E.  E.  Austen,  D.S.O.,  British  Museum  (Natural  Ili>t(jiy), 
South   Kensington,  London. 
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(B.)     Lucilia  serricatu,  Mg. 
(().     LiiiViil  stago. 

These  larvae  were  obtaiiierl  from  case  No.  3,  and  pujwted  6  days 
after  removal  from  the  body. 

In  lengtli  they  varied  fioni  1  i  mm.  to  1(3  nnn.  and  were  about  3  mm. 
in  breadth. 

The  general  morphology  of  the  larva  is  very  similar  to  that  of  P.  dux 
Each,  as  described  above. 

The  anterior  end  difiered  from  that  of  P.  dux  in  the  following  points 
(Fig.  18):- 

(a)  The  small  papilla?  at  the  base  of  the  Y-shaped  jjrocess  in  P.  dux 
are  situated  on  the  upper  part  of  the  '  stomal  discs  '  in  this  species. 

(6)  The  ring  of  spines  at  the  anterior  margin  of  the  first  thoracic 
segment  are  better  developed  here. 

(c)  The  anterior  sjjiracles  (Plate  IX,  Fig.   19)  have  8  openings  in 
contradistinction  to  the  6  seen  in  P.  dux. 

The  other  thoracic  and  abdominal  segments  differ  from  those  of 
P.  dux  in  the  arrangement  of  the  spines  and  tubercles  (Text  Fig,  No.  3). 
Text  Fig.    3 
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Diagram  of  the  spinous  areas  and  tubercles  on 
the  body  of  the  larva  of  L.  Serrirata. 
The  dark  parts  represent  the  spinous  areas 
and  the  circles  the  tubercles.  D.  is  the 
dorsal  surface.  L.  is  the  lateral  surface. 
V.  is  the  ventral  surface.  The  other 
letters  and  figures  denote  the  segments. 
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The  larva  and  pupo  of  Lucilia  serricala   Mp. 

Lateral  view  of  the  larva. 

Ventral  view  of    "  pseudo-cephalon  "    and  1st  thoracic   segment 

of  the  larva. 
Anterior  spiracles 

IJorsal  view  of  '  poHtfrior  hollow  '    of  Stli   abdominal   segment   of 
the  larva. 

\.  V.     .Vnal  papilla. 
P.  S.     Posterior  stigmal  plate. 

A.,  B  and  C,     Tuborclps  on  \-entral  edge  of '  posterior  hollow 
D.,  E.  and  F.     Tubercles  on  dorsal  edge. 
Fig.   21 .     Ventral  view  of  8th  and  9th  abdominal  .segments  of  the  larva. 
P.  R.     Post-anal  rid.'*'. 
Other  letters  as  in  Fig.  2'). 
Fiji.  22.     Lateral  view  of  posterior  end  of  larva. 

Letters  n-  in  Figs.  2!  :ind  22. 
Fi^i.  23.     Posterior  stigmal  plates  of  larv.i. 

B.  The 'button.' 

Fi'.;.  24.     Ventral  view  of  pupa. 
\  .Vnterior  enil. 

P.  Post'-nor  on<l. 
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Tlic  tubercles  aiv  bettor  ilcveloi)eil  ami  more  couspicuous  in  the  liirvic 
of  L.  serricatu. 

It  is  at  the  posterior  end  however  that  the  most  niarkodditIerem.es 
are  found  in  the  two  species. 

The  dorsal  j^art  of  the  8th  abdominal  segment  has  a  similar  depression 
to  that  found  in  P.  diij-,  but  instead  of  being  saucer-like  it  is  more  like  the 
seat  and  back  of  a  chair.     (Plate  IX,  Fig.    22  and  Text  Fig.    4.)  The 

Text  Fio.    4. 


Uiaprara  of  median  section 
through  the  posterior  emi  of 
the  larv.i  of  L.  serricata, 

ventral  part  is  set  at  an  angle  of  135°  to  the  dor.sal  part  which  is 
transverse  to  the  long  axis  of  the  body.  The  hollow  as  a  whole  looks 
backwartls  and  upwards.     (Plate  IX,  Fig.  J 7.) 

The  edge  of  the  hollow  is  not  so  thick  and  rounded  as  in  P.  dux  and 
is  not  surrounded  by  the  same  wide  groove. 

The  edges  of  the  hollow  are  covered  with  spines  each  on  a  small 
conical  base.  In  the  ventral  part  of  the  hollow,  however,  the  conical 
bases  are  present  but  they  have  no  spinous  pointed  extremities. 

There  are  two  small  spine-like  papilla;  in  the  ventral  jxirt  of  the 
!  osterior  hollow  which  have  not  been  noted  in  the  larva  of  P.  duj. 

The  tubercles  around  the  lip  of  the  hollow  are  twelve  in  number 
(Plate  IX.  Figs.  20,  21,  and  22)  and  vary  markedly  from  those  in 
the  larva  of  P.  dux. 

On  the  ventral  part  of  the  edge  are  six  tubercles— (A)  a  small 
centnti  j)air,  (B)  a  medium-.sized  lateral  pair  rather  on  the  inner 
wigf  of  the  lip,  these  pairs  are  joined  by  a  faint  ridge  across  the  ventral 
|)art  of  the  posterior  hollow,  and  (C)  a  large  pair  aluxjst  in  line  with 
or  slightly  posterior  to  the  latter  pair  but  placed  on  tl"'  ■■"'■■^  "l"''' 
of  the  lip. 
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The  three  pairs  of  tubercles  (D,  E  and  F)  ou  the  dorsal  part  of  the 
lip  are  all  of  medium  size  and  are  distiiliuted  equi-distautly  along  this 
part  of  the  rim. 

The  posterior  spii-aclcs  are  markedly  different  in  the  two  species, 
lu  both  they  are  rather  fan-shaped,  but  in  L.  serricula  they  are  smaller 
and  placed   further  apart. 

The  distance  between  the  outer  margins  is  aliout  0-80  mm.  and 
between  the  inner  0-26  mm.  to  030  mm. 

The  margins  of  the  stigmal  plates  have  a  more  delicate  but  well- 
marked  dai-k  brown  chitiuous  ring  which  divides  at  the  ventro-intemal 
angle  to  enclose  an  oval  mass  of  light  brown  chitin — the  '  button  ' — 
which  has  a  lighter  centre.  (Plate  IX.  Fig.  23.)  The  button  is  much 
better  mailced  in  this  species  than  in  P.  tJu.r.  The  distance  between  the 
centres  of  the  '  buttons  '  varies  from  (i-JT  nun.  to  U'M]  nnn. 

The  slits  in  the  ])lates  aie  tliice  in  number  nn  each  side  and  run 
dorsallv  and  outwards  from  the  '  liuttcin.'  The)'  are  sausage-shaped, 
slightlv  wider  at  the  centre  than  at  tlie  ends  and  sui-rounded  by  a  more 
delicate  ring  than  in  P.  (Iii.r.  The  central  one  is  slightly  the  longest, 
measuring  from  (I'l'd  nun.  to  (iL'.jmm.  in  lengl^h  and  makes  an  angle  of 
about  d-5°  with  the  median  sagittal  plane. 

The  chitinous  ])rojections  in  the  slits  are  arranged  as  in  P.  dujc,  but 
the  outer  layer  of  spines  nundjers  from  22  to  2()  on  each  side  of  the  slit 
and  the  inner  from  IG  to  20. 

If  this  is  C(jmpaied  with  the  description  and  tiguies  of  L.  aesar  given 
by  MacGregor  (1911)  it  will  lie  seen  that  in  L.  cwstir  the  distance  between 
the  buttons  is  wider  (010  mm.  to  048  mm.),  the  central  slit  makes  an 
angle  of  40°  with  the  middle  line  and  the  number  of  bars  in  the  slits  is 
from    11   t<i    11. 

The  anal  papilltc  are  smallei-  than  in  P.  dux  and  tliei-e  is  not  the 
marked  hollow  between  the  ])ost-anal  ridge  and  the  anus.  The  post-anal 
ridge  has  no  cleft. 

[ii).     Pupal  stage. 

The  pupal  life  lasted  !t  days. — The  pupa  was  8  mm.  to  9  mm.  in 
length  and  about  3'35  mm.   broad. 

In  appearance  it  is  very  like  the  pu])a  of  P.  dux,  but  the  anterior 
spiracles,' the  arrangement  of  the  spines  on  the  body,  the  shape,  etc.,  of 
the  posterior  stigmata  and  the  size  and  shape  of  the  tubercles  around 
the  posterior  hollow  distinguish  it  from  that  species.     (Plate  IX.  F"ig.  24.) 
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The  hivgf  of  Sarcophaya  rujkornix,  F.  iiiid  Wolilfnhiiia,  s|>. 
Larva   of   .S.  r>ilir.orvii>,     F. 

Fig.  25.     Anterior  spiracles. 

Fig.  26.     Posterior  view  of  "  posterior  liollow." 

A.  P.     Anal  papilla. 

P.  P.     Post-anal  ridge.' 

A.,  B.  and  ('.     Tubercles  «i  vt-utral  lij;  of  '  posterior  lioUow. 
D.,  E.  and  F.     Tiibercle.s  on  dorsal  lip. 

P.  S.      Postnrior  stignial  plate.-. 
A'entral  view  of  8tli  and  9tli  flbdoniinal  seisuieiits. 

Letters  as  in  Fit;.  20. 
Lateral  view  r>f  posterior  end  of  boily. 

Letters    as    in    Figs.    26  and  27. 
Posterior   utigmal   plate.s. 

B.  The  '  button." 
r^arva  of  Wohlfahrtia ,  sp. 
Anterior  spiracles. 

Po-oiterior  view  of  '  posterior  liollow.' 
Letters  as  in  Fig.  26. 

Fig.  32.     Posterior  stigmal  plates. 
B.  Tlio   '  button   ' 
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Tliis  is  a  metallic  greenish  blue  fly  very  like  Pi/inosohKi  hiii  without 
the  red  cheeks. 

Bruinpt  (1913)  gives  the  following  a«  the  generic  character  of  the 
gonus  Lticilia  Robineau-Desvoidy  1830: — 'A  Calliphorine  with  smooth 
eyes.  The  first  post -marginal  cell  opens  in  front  of  the  end  of  the 
wing.' 

'  The  fourth  longitudinal  vein  is  bent  at  an  obtuse  angle  and  rounded. 
The  third  longitudinal  vein  provided  with  spines  in  its  jno.xinial  [wrt 
in  front  of  the  small  transverse  vein.  Thora.x  and  abdonieii  metallic 
green  or  blue,  very  brilliant  with  silky  reflections.' 

Fatten  and  CVagg  (1913)  give  as  generic  characters:  'Medium- 
sized  flie-s  either  green  or  bluish  green.  Posterior  dorso-central  and 
acrostichal  bri.stle.s  constant  and  well  developed.  Sternopleural  bristles 
arranged  2  :  1.  Prothoracic  stigmata  black.  Third  longitudinal  vein 
s])inulo.se  either  at  its  ba.se  or  throughout  its  length.' 

Like  all  the  C'alliphorina?  this  fly  is  ovijiarous. 

Specimens  of  the  adults  .sluiuld  be  sent  to  the  British  Mu.seum  for 
identification. 

(C).     Sarcophaga   ruficornis,    F. 

(/).     Larval  stage. 

The.se  larvaj  were  removed  from  case  No.  1  and  puiwted  .")  days 
after  removal   from  the  wound. 

The  length  of  the  larva  was  l'((  mm.  and  tiie  bri-arltli   I  iiiiii. 

The  cephalic  .segments  were  very  like  those  of  the  last  two  species. 

The  thorarir  sffjiiientg.-  The  anterior  sj>iracles  have  11  jw])illa'. 
(Plate  X.  Fig.  25.)  The  anterior  portion  of  each  segment  has  the  usual 
ring  of  sjiines.  The  posteiior  ]iortion  was  bare  in  the  first  two  .segments 
but  in  the  third  there  wa.s  a  poor  development  of  spines  on  t  he  lateral  and 
dorsal  surfaces  of  this  ijortion.     (Text  Fig.  5.) 

The  abdominal  segments. — These  segments  had  the  usual  anterior 
ring  of  spines  but  on  the  ventral  part  it  wasdivided  into  two  by  a  faint 
transverse   sulcus. 

A  spinous  devclojnnent  .similar  to  that  seen  on  the  po.sterior  jiortions 
of  the  thinl  thoracic  segment  but  to  a  more  marked  degn-c  is  jin-seiil 
here,  especially  on  the  mr)re  jiosterior  segments  of  the  abdomen  vvliich 
are  practically  entirely  covered  with  s]>ines  on  their  dorsal  and  lateral 
surfaces. 
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The  venlial  surface  is  practically  devoid  of  spines  on  its  posterior 
parts  of  the  segments  except  for  a  very  narrow  posterior  band  on  all  the 
segments  except  the  first,  (Text  Fig.  5.)  The  place  of  spines  is  taken 
by  a  series  of  six  tubercles  running  transversely.  The  posterior  segments 
of  the  abdomen  have  also  a  series  of  smaller  tubercles  on  their  lateral  and 
dorsal  surfaces. 


Diagram  of  the  spinous  areas  and  tubercles  of 
the  body  of  the  larva  of  S.  miicornis. 
The  dark  parts  represent  the  spinous 
areas  ard  the  circles  the  tubercles.  D. 
is  the  doreal  surface.  L.  is  the  lateral 
surface.  V.  is  the  ventral  surface.  The 
other  letters  and  figures  denote  the  seg- 
ments. 


The  jiosterior  extremity. — The  posterior  hollow  is  very  deep  and 
cup-like.     (Text  Fig.   6  and  Plate  X,  Fig.  26.) 

The  ventral  part  of  tIio  edge  makes  an  angle  of  about  130°  with  the 
dorsal  part  The  hollow  looks  almost  directly  backwards.  The  ventral 
portion  of  the  hollow  runs  sharply  downwards  to  the  bottom  of  the  cup 
but  bulges  forward  so  that  it  is  difficult  to  see  the  stignial  plates.  The 
two  depressions  in  this  part  of  the  hollow  are  lather  triangular  in  shape. 
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The  «li)i>iil  jMirt  runs  iliiectly  ilowinvaitls  to  tlm  iIoiniI  niiugins]of  tlio 
stisniial   plates    (Ti-xt    Fig.  d),    which    lie     in    an    oblonf;    ilejiressiDn 


Diagram  of  median  section  through 
the  posterior  end  of  the  larva 
of  S.  ru  Ikomit. 

at  the  bottom  of  the  cup.  Between  the  plates  there  is  a  niarkal 
hollow  and  the  transverse  groove  is  well-marked.     (Plate  X,  Fig.   20.) 

The  anterior  ring  of  spines  is  well-developed  in  the  8th  abdominal 
.segments  and  its  .sides  are  also  thickly  clothed  with  spines.  (Plate  X. 
Fig.  28.)  The  rim  of  the  posterior  hollow  is  covered  with  spines  with 
a  conical  base  and  a  fine  almost  hair-like  pointed  extremity,  but  iii  the 
ventral  part  of  the  hollow  the  conical  bases  are  present  but  have  no 
jxjinted  ends. 

The  lip  of  the  posterior  hollow  is  divided  into  a  ventral  and  a  (idr^-al 
|)art  by  a  deep  groove  (Plate  X.  Fig.  20),  and  the  tubercles  on  the 
eflue  are  12 in  number.  (Plate  X.  P'igs.  20.  27  and  28.)  Those  on  the 
ventral  jjart  are  (A),  a  small  median  pair,  (B)  and  (C)  large  pairs  of 
tulwrcles  don>al  to  the  last.  On  the  dorsal  edge  are  three  i)airs 
also  — (D)  a  large  pair  just  dorsal  to  the  transverse  groove  on  the 
lij),  (E)  a  medium-sized  ])air  just  dorsal  to  these  and  (F)  a  largo 
dorso-central  pair. 

The  stigmal  plates  have  well-marked  chitinous  rings  which  are 
deficient  on  the  ventral  portions  of  their  inner  margin.s  (the  '  hilum  ) 
(Plate  X.  Fig.  2!t.)  The  inner  side  ends  in  a  knob  like  thickening  while 
the  ventral  tails  off  to  a  point. 

On  a  very  careful  examination  of  mounted  specimens  a  cimiliii  :irea 
can  be  made  out  corre.sponding  to  the  '  button  '   (.MarCn;."'!  svns  unable 
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to  lin<l  a  button  in  .S.  sfinvri-iiui).  Tlic  distance  between  the  inner 
margins  of  the  plates  was  about  017  mm.  and  l)etween  the  outer  edjies 
about  0'95  mm. 

The  '  buttons  'were  about  0:5()  mm.  apart  from  centre  to  centre. 

There  are  three  slits  in  each  ])late  but  these  differ  from  tliose  of  the 
last  species  in  that  the  internal  slit  runs  i"'//<m%,  and  outwards,  and  the 
central  one  is  practically  parallel  to  the  median  sagittal  plane.  (I'late  X, 
Fig.  -I'X) 

The  central  slit  is  the  longest  and  measures  about  O-'W  mm.  The 
outer  row  of  spines  in  the  slit  are  like  those  already  described  but  number 
from  M  to  37  on  each  side.  The  inntr  layer  of  transverse  bars  numbers 
about  24  and  tend  to  branch  and  anastomose  as  described  in  the  other 
two  species,  but  on  careful  examination,  especially  from  belowin  mounted 
specimens,  it  will  be  seen  that  they  have  a  number  of  very  tine  spicules 
running  out  from  their  sides  teiminating  in  a  point. 

The  anal  segment  is  ver}'  like  those  described  in  the  other  two  species 
but  differs  in  the  marked  groove  which  is  present  on  the  post -anal  ridge. 
(Plate  X,  Figs.  26  and  27.) 

(ii).  The  1  upa'  stage. 

The  pu))a  measured  about  ll5  mm.  in  length  and  about  4  mm. 
in  breadth.  It  differed  from  the  other  species  in  the  number  of  papilla^ 
on  the  anterior  spiracles,  the  an-angement  of  the  spines,  etc.,  etc.  This 
stage  lasted  10  to  11  ('ay. 

(ill).    .A.iUilt  stage. 

This  Hy  is  about  "  12  mm.  long,  a  light  grey  colour  with  the  usual 
blackish  markings  not  so  dark  as  is  often  the  case  in  this  genus,  while  the 
antennae  and  palpi  are  ochraceous-rufous  and  the  anal  segments  of  the 
abdomen   ferruginous.'      (Austen   1910.) 

Brumpt  (1913)  gives  the  following  as  the  generic  characters  of  the 
genus  Sarcopfnuja  Meigen  1826  : — '  The  aristfe  of  the  antennae  plumose 
except  in  the  distal  .{th  which  is  bare.  The  abdominal  segments  grey 
with  shot  reflections  and  a  chequered  pattern.  The  first  posterior  cell 
is  open  or  shut  in  this  case  with  a  short  stem.  The  posterior  transverse 
vein  is  not  placed  move  oblicjUfly  than  tlic  ti  rminal  transverse  vein." 

These    tlics    are  lai vipainus. 

In  sending  s|)ecimens  for  idcntilic  alion  a  male  slmuld  alwavs  be  sent, 
as  it  is  practically  imjiossible  to  distiiiguif^li  the  difl'eient  species  in  the 
females. 


J.  A.  S{)i(oit. 
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(D).    Wohljahrlin  I,,. 
The  larva-  of  tliis  species  were   uufortuuately   allowed  to  heroine 
Hriwl  up  before  they  were  examined  so  the  description  coidd  not  be  so 
thoroughly  made  out  as  in  the  other  species. 

(i).    I  a  va   8t  ye. 

The  larvfp  of  this  species  was  obtained  from  case  No.  .').  Thev 
pujwteil  about  7  days  after  removal  from  the  body. 

In  length  the  larva  measured  about  11  mm.  and  in  breadth  about 
3  mm. 

On  account  of  the  shnmken  condition  of  the  larva>  it  was  imjw.ssible 
to  decide  whether  there  was  any  marked  difference  in  the  ce])halic  reo;ion 
as  comimred  with  the  other  larvip,  but  it  appeared  as  if  the  bases  of  the 
sensory  tubercles  on  the  he^id  were  joined  by  a  ridge  which  tende<l  to 
project  over  the  upper  part  of  the  'stomal  disc' 

The  anterior  spiracles  had  only  5  papilKv.     (Plate  X.  Fig.  30.) 

The  larva  was  less  spinous  than  the  others  described  and  the  spines 
were  more  widely  distributed  in  a  peculiar  pattern.     (Te.\t  Fig.  7.) 


OiaKram  of  the  npinoiiH  a'  ea«  on  the  ^Oll)• 
of  I  he  larva  of  WoAZ/aA  Win,  »;<.  The  ilark 
.irtas  repretent  the  npinoiis  areas.  |l.  is 
the  doraal  arean.  L.  in  the  lateral  »ren. 
V.  ia  the  ventral  area.  The  other  figuren 
and  letters  denote  the  secnienta 
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The  eighth  abdominal  segment  has  none  of  the  marked  spines  seen 
in  <S'.  riificornis.  The  posterior  liollow  has  the  same  cup-like  character 
seen  in  the  last  sjiecies  and  looks  backwaids  and  very  slightly  upwards. 
(Text  Fig.  8.) 

Te.xt  Fig.    8. 


Diagram  of  median  section  through 
the  posterior  end  of  the  larvii 
of  Wo/il/ithrtiti  sp. 

There  are  three  pairs  of  tubercles  on  the  ventral  part  of  the  edge — (A) 
a  small  ventral  pair,  (B)  a  medium-sized  pair  lateral  to  these  and  (C)  a 
large  jiair  on  the  outer  edge  of  the  lip  near  the  junction  of  the  dorsal 
and  ventral  parts  of  the  edge.     (Plate  X,  Fig.  31.) 

There  are  three  pairs  on  the  dorsal  edge — (D)  a  large  pair  laterally, 
(F)  a  small  dorso-central  pair  and  (E)  a  medium-sized  pair  between  (D) 
and  (F).  The  tubercles  were  very  hard  to  make  out  on  accormt  of  the 
shrunken  condition  of  the  larva'. 

There  were  the  same  small  spines  on  the  rim  of  the  hollow  as 
described  in  the  other  species,  but  they  were  finer  and  more  hair-like 
and  did  not  extend  on  to  the  ventral  part  of  the  hollow. 

The  stigmal  plates  had  a  heavy  chitinous  ring,  which  was  deficient 
on  its  ventral  aspect,  at  which  point  on  careful  examination  a  very  faint 
circular  area  corresponding  to  the  '  button  '  could  be  made  out. 
(Plate  X,  Fig.  32.) 

The  inner  part  of  the  ring  ended  in  a  bifid  thickening,  while  the  outer 
terminated  in  a  blunt  point. 

The  distance  between  the  outer  margins  of  the  plates  was  about 
1-02  mm.  and  between  the  inner  about  0107  mm. 

The  centres  of  the  buttons  was  about  058  mm.  apart. 

The  slits  number  three  iii  each  plate  (  f  which  the  central  is  the 
longest  being  about  0-42  mm.  in  length. 


I. 


J.  A  fiinton.  15;» 

The  intornal  slits  nm  icnlniUi/  and  outwards  and  the  central  ones 
in  the  same  direction  making  an  angle  of  about  KiS'^  with  the  middle 
line      (Plate  X.  Fig.     32.) 

The  spines  on  the  edges  of  the  slits  nunibered  about  :V|  on  e^u  Ii  ^ido. 
while  the  inner  layer  of  bars  was  about  15  but  without  any  of  the  line 
spicules  seen  in  S.  rufcornis. 

The  anal  segment  differed  in  tho  vcr)-  mavkod  notch  in  the  post- 
anal ridge.     (Tlate  X.  Fig.  31.) 

((()•     Pupal  stage. 

The  pupa  only  hatched  out  after  15  days  of  pu])al  life.  Thev 
measured  8-9  nun.  in  length  and  about  325  mm.  in  breadth. 

The  puiw  .showed  the  .same  differences  as  those  noted  in  the  otiier 
species. 

(Hi).     Adult  stage. 

The  genus  Wohljahrtia  Brauer  has  the  following  characters: — 'A 
Sarcophagine  in  wliich  the  arista  of  the  antenna  is  hairy.  The  third 
segment  of  the  antenna  about  twice  as  long  as  the  second.  The  front 
large  in  both  se.xes.  The  abdomen  whitish  or  grey,  with  a  more  or 
less  distinct  pattern  but  without  shot  reflections.'     (Brumpt  1913.) 

Portchinsky  (1916)  reports  11'.  balaglossi  Portsch,  and  W.  tcrtri- 
•punclata  L.  Duf.  from  Central  A.sia,  so  the  species  de.scribed  above  may 
have  been  one  of  these. 

(7).    Comparison  of  the  l.arval  and  rrpAL  ciiAiiAOTER.f. 

MacGregor  (1914)  writing  on  the  distinctive  characters  of  the 
posterior  stigmata  of  dipterous  larva;  states  that  '  one  genus  is 
di.stingui.shed  from  the  other  by  variations  in  (1)  the  orientation  of  the 
stigmata  with  reference  to  the  angle  made  to  the  longitudinal  a.xis  of 
the  body  ;  (2)  in  the  distance  between  the  stigmata  themselves  ;  or  (3)  by 
variations  of  the  gross  structures,  and  shape  of  these  organs  :  such  as  a 
thickening  or  otherwise  of  the  chitinous  ring  that  borders  them,  etc' 

'  The  specific  differences  are  to  be  found  in  the  quite  often  remarkable 
variations  that  wcur  in  the  finer  structure,  i.e..  in  the  transver.se  bars 
of  the  .slits,  both  as  to  arrangement  and  ihiiiiIht,  as  well  as  the  variation 
in  jjo.sition  of  the  "  button."  ' 

In  the  present  investigation  all  these  points  were  found  to  be  of 
great  importance  but  it  is  considered  that  attention  should  al.so  be  j)ai<l 
to  the  number  of  papillae  on  the  anterior  .spiracles  ;  the  distribution  oJ 
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A.     Larvii. 

(1)  Length 

(2)  Breadth      .. 

(3)  Anterior  spiracles 

(4)  Distribution    of     spines 

on  the  body. 

(5)  Posterior  hollow — 

i'l)     Shape 
(fc)     Direotion 


(c)     Tubercles  on  the 
ed"e. 


(I>)  Posterior  stigmal  plates— 
(«)    Shape 
(i)     Direction  of 

'  hilum.' 

(f)  Chitin  of  ring    . . 

(d)  Button 

(e)  Distance  between 

inner  edges  of 
plates. 
(/)   Distance  between 
outer  edges  of 
plates. 

(g)  Distance  between 

centres  of 
buttons. 

{")  Slits  in  stigmal  plates  — 

(a)  Direction  of  inner 
slits. 

(fc)  Angle  of  central 
slits  to  median 
sagittal  jilane. 

(c)  Length  of  central 
slit. 

(rf)  Number  of  spines 
on  each  side  of 
central  slit. 

(f)  Numbers  of  bars 

in  central  slit. 

(8)  Post-anal  ridge 

B.      Pupa. 

(9)  Lensfh       .. 
(1(1)   Breadth    .. 


/'.  dux,     Esch. 


L.  aerricaln,  Mg.       S.  riificornix,  ¥. 


14  mm.  to  10  mm. 

3'5  mm. 

G  papillie 
See  Text  Fig.  1 


Saucer-like 
Looks  backward  and 
slightly  upwards. 

A.  small 

B.  large 

C.  medium 

D.  large 

E.  small 

F.  medium 


Fan-shaped 

Inwards  and  slightly 
ventrally. 

Thick  and  well- 
ma  rkcd. 

I'>eb!y  developed  . . 

O'Oo  mm. — 0'07  mm. 


IV79  mm.— 0-82  mm. 
0T8  mm. 

Dor.sal  and  outwards 
40°— 50° 

0'25  mm. — 0"3  mm. 
25—30 


16—18.     No  lateral 
spicules. 


10  mm. — 12  mm.    . . 
4  mm. 


14  mm. — 10  mm 

3  mm. 

8  papilUc 
See  Text  Fig.  3 


Chair-like 

Looks  equally 
U])wards  and 
backwards. 

A.  small 

B.  medium 

C.  large 

D.  medium 

E.  medium 

F.  medium 


Fan -shaped 


Delicate        but 
well-marked. 

Markedly  deve- 
loped. 

0-26  mm.— 0-3 
mm. 

0-8  mm. 


0-27  mm 0-33 

mm. 


Dorsal  and  out- 
wards. 
45° 


0-2    mm.— 0-25 

mm. 
22-20 


16—20.  No 

lateral  spicules. 


Uncleft 


8  mm. — 0  mm. 
3'35  mm. 


20  mm. 
4  mm. 
11  papillae 
See  Text  Fig.  5 


Cup-shaped 
Looks  backwards 


A.  small 

B.  large 

C.  large 

D.  large 

E.  medium 

F.  large 


Oval 
Inwards 

Thick   and     well- 
marked 

Practically  absent 


Ventrally  and  out- 
wards 
Parallel 


0-30  mm. 
34—37 


24—25.       Lateral 
spicules 

Sliuhtlv  cleft       . . 


13  mm. 
4  mm. 


W'Mfahrlia,  up. 


11  mm. 

3  mm. 

5  papilliB. 
See  Text  Fig.  7. 


Cup-shaped. 
Looks  backwards 
and  very  slightly 
ujjwards. 
A.  small. 


B.  medium. 

C.  large 

D.  large. 

E.  medium. 

F.  small. 


Oval. 
Ventrally. 

Thick   and    well- 
marked. 
Practically  absent. 

0107  mm. 


102  mm. 
0'58  mm. 


Ventrally  and 

outwards. 
168°. 


042  mm. 
34. 


15.      No      lateral 
spicules'. 

Markedlv  cleft. 


8  mm. — 9  mm 
3'25  mm. 


J.  A,  Sinlon. 
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th<»  spines  ami  tubercles  on  the  body  ;  the  shape  and  direction  of  the 
'  jK)sterior  hollow  ' ;  the  size  and  position  of  the  tnbeicles  iiiounJ  its 
rim  ;  and  the  form  of  the  post -anal  ridge. 

All  these  points  seem  of  importance,  but  whether  generic  or  sjiecific 
cannot  he  decided  until  many  more  species  and  genera  are  examined. 

The  differences  given  on  the  table  below  may  therefore  be  of  help 
to  other  investigators  in  coming  to  a  decision  as  to  what  are  the  character- 
is'.ics  of  the  larvaj  in  the  different  genera  and  species. 


(1)  ACSTEN,  E.   E. 

(2)  Bisiiopp,  Y.  {.'. 

{'3)   Bbasdt — . 
(4)  Bkaukb,  r. . . 


(5)  BBUMrx,  £. 
(0)  CA»lEJlo^,  -A. 

l7j  Casteu-am,  a.,  anil 

CUALUOt.s,  A.  .). 
(8)    CUETTl,  C.  K. 

(»)  Hewitt,  U.  . . 
!lO)   JliVKtX,   f. 


ill)  Keelan,  I:. 

(11!)  Kf.ili.n.  Ii.    . . 

(13)  Laiioiiy 

(U)  l.iiWNK,  li.   1. 

(I.*!*  MACllKEr.riii.  M.  K 
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bUMK  BURbATE  NEMATODES  FKU.M    INDIAN 
AND  AFRICAN  ELEPHANTS. 


LiEUTE.NAXT-CoLONEL  CLiVYTON  LANE,  M.D.  (Lond.),  i.m.s,    (retd.) 

[Kfci'ivcd  for  publ Ration,  January  4,  l'J21.] 

This  paper  deals  with  certain  Bursate  Nematodes  from  the  Indiau 
iind  Africjin  elephants,  the  former  kindly  sent  mc  by  Mr.  T.  Ware, 
Superintendent,  Civil  Veterinary  J)e])artment,  .Madriis  :  the  latter  collected 
in  the  Addo  Bush,  Cape  Provirce,  and  generously  placed  at  my 
disposal  hy  ilr  H.  A.  Baylis.  These  latter  had  been  presented  to 
the  British  Museum  (Natural  History)  by  the  Imperial  Bureau  of 
Entomology-.  All  fall  in  the  super-family  Strongyloidea  of  the  sub-order 
Strantftjlata. 

In  the  SlrongijUita  Railliet  and  Heniy,  l'.li:J  (I'.t).  the  male  caudal 
papillae,  of  definite  number,  are  lengthened  into  rays  which  lift  the 
overlying  cuticle  into  a  dr)uble  funnel-shaped  fold  or  bursa,  their  temiinal 
|iapilla>  Inng  either  ujion  the  f)uter  or  inner  surface  of  the  bui^,  not 
indi-icriminateU',  but  each  accoiding  to  regular  and  unvarying  practice. 
These  rays  are  in  order  the  dorsal,  extemo-dorsal,  dorsolateral,  medio- 
lateral.  extemo-lateral,  latero-ventral  and  ventro-ventral.  The  papilla; 
lie  on  the  internal  bursal  surface,  with  the  exception  of  the  externo-dorsal 
and  the  e.Ttemo-Iatend.  There  is  frequently,  if  not  constantly,  a  pre-bursal 
{lapillH-.  «hich  in  the  peculiar  genus  .\mira  (10)  forms  an  ailditional 
burNil  ray.  There  are  two  spicules,  equal  and  similar  in  thesijecies  [Mira.sitis- 
ing  elephants.  Tlie  ova  have  a  thin  colourless  shell  .sepai-ated  by  a  clear 
space  from  the  granular  contents. 

The  Slromji/loulea   Ijiiw,  1017,  i)os.sess  a  definite  dilated  oral  capsule 
jtml  ond   cavity.     In   the   MplfiMronffi/louli'i    bme,    HtlT.   no  meTTi>>ers  of 
(     IG3     ) 


J(i4       Bmsale  jyevtafodes  fio)i>  Indian  Jf,  icon  Elephants. 

wliifli  liaw  been  hitherto  reported  Iroiii  ele|)hants.  this  is  not  so.  pjlei)haiits' 
iieinatodes  of  tlio  super-family  Slroiuji/loiilea  fall  into  the  families 
Stiotii/i/lided  ami  Anri/lostontiddc, 

111  the  SliO)if/yli(Iea  Cobbold.  ]8f54  (erneiid  L<iiie,  1917),  the  cuticle 
fMrmiiij;  the  oral  aperture  is  incised  to  form  a  circle  of  setae  or  denticles. 
The  faniilv  falls  ijito  two  sub-families,  the  Stio)>gi/lin(T,  Eailliet,  1893 
(sens,  nov  el  stnct.),  in  which  the  oral  capsule  is  nioi-e  or  less  cup-shaped, 
and  the  CEsojthiif/osloiiiinae  sub-fam.  nov.  in  which  it  is  ring-shaped.  Ir 
elephants  the  ytrongylinie  are  represented  by  Equinutbia,  Choniangium 
and  Decci-usiti  ;  the  (Eaojihagotominae  by  Murshidia,  Quilonia,  Amira  and 
Pteridodphaiijiu'.  The  .systematic  po.sition  of  Strongylus  Joliattis  CohhiM. 
1882,  from  the  Indian  elephant  remains  uncertain;  nor  can  the  writer 
a  Tee  with  either  Godoelst  or  Ilile  (8),  who  respectively  veiei  Scleroslomuiii 
recfnm  v.  Linstow.  1907,  from  the  African  elephant  to  Cylicoslomiiin  and 
Marsh  id  id.  since  he  believes  that  on  its  existing  description  even  its 
generic  allocation  is  impossible.  Moreover  conjectures  ajjpear  in  this 
case  peculiarly  unprofitable,  since,  as  already  pointed  out  (10),  Liiistow,  in 
190C,  described  a  Strongylus  rectus  fi'oiu  Dolichotis  jmtagon irn  ;  so  that 
since  Strongylus  and  Sclerostomum  are  synonyms,  the  specific  name  of  his 
elephant's  nematode  becomes  a  rejected  homonym,  and  as  such  is  dead 
l)eyond  resurrection. 

The  Ancylogloinidae  Looss,  1911  (emend  Lane,  1917),  possess  an  oral 
aperture  guarded  by  paired  sub-ventral  plates.  In  the  Necatorinae 
Lane,  1917,  these  j^lates  have  imnotched  curved  cutting  edges.  In  the 
Xecaloridi  Lane,  1917,  the  dorsal  lobe  and  rays  of  the  bmsa  are  synunetrieal 
as,  except  for  minute  difereuces,  are  the  sjjicules.  In  elejihants  this 
tribe  is  represented  by  (irammocephalus,  Eailliet  and  Henry,  1910,  and 
ft«</(»wsto»i.M»(  Kailliet  and  Henry,  1909.  With  the  possible  exception  of 
Deccrusin  additicio,  who.se  generic  separation  from  Strongylus  is  perhaps  not 
universally  admitted,  it  is  significant  that  the  buisate  nematodes  of 
elephants  are  confined  to  genera  wliich,  so  far  as  is  known,  are  not 
represented  in  any  other  animal. 

There  are  described  below  Pteridopharynx  ajrieana,  Quilonia  ujnnina, 
(JraminocepJudus  dathratus,  the  closely  allietl  Grnmmocephalus  varedatut. 
and  Bathsomtomum  sangeri. 

As  regards  species,  the  more  detailed  examinations  liitherto  carried 
eut  suggest  that  the  same  species  are  not  found  in  the  two  hosts.  It 
may  therefore  be  well  to  reserve  oinnion  upon  the  reported  finding  of 
Murshidia  Jalcif era  in  the  African  elejihant  (21). 


I'late   XI 
Fiprs.    1 — 4.   Pifiidopharyyir  nfrirnna. 
tig.       1      The  Lca<l  from  the  dorsum,  tlie  oral  cavity  being  seen  in  opticHi 
Mscction,  tlip  dorsal    opsopliageal  ])1uiiic   and  flange  from  the 
outside. 
,,         2.     Tlie  head  from  the  left  side,  the  oral  cavity  being  seen  in  optical 
liisection.  the  dorsal  oeaophageal  flange  partly  in  section  and 
jiartly     in    prosi>ective.      The   .^iuhventral     flanges    an-    not 
indicated.  "  lu  figs.  1   and  2  the  sessile  lateral  and  pioniinent 
.-ulonedian  papillfc  are  seen   a    mndition  to    be  expected  in  the 
089  iiihagostomin.T. 
„  .1.     Transver-i   -iertion  through  the  three  plumes  of  tlir    leRophagenl 

cuticle. 
,,  L      The  |>06terioi   end  i>f  the  {cmale. 
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tLAVTos  Lank.— Some  Kiiraate  Nematodes  from    Imiiaii  ami  African 
Klppliaiitv. 


Clayton  Lane.  105 

rTKKIDOlMlAIJVNX  ♦  n.j!. 

Rather  slender  (ICsuphagostoininfe  \vitii  iliscoiilal  head  (vide  Table). 
The  ra\-s  of  the  corona  radiata  vary  in  length,  tlui  dorsal  and  ventral  being 
the  shortest,  the  lateral  the  longest,  the  shajie  of  the  oral  ajierture  being 
ctirrespondingly  affected.  The  oral  caxnty  ha.s  the  .shajje  of  an  inverted 
fuimel,  it.-*  cuticnlar  lining  coining  into  contact  with  the  .short,  nearly 
circular,  ring  which  fomis  the  oral  ca|),side.  It.s  ba.^e  is  encroiichcd  ujwn 
bv  three  sharp,  curved,  cuticular  flanges,  one  surmounting  each  of  the 
three  muscular  resophageal  columns  (Plate  XI.  figs.  1  and  2).  The 
oesophagus  (Plate  XII,  fig.  "))  is  strikingly  short  and  wide,  somewhat 
hourgla.ss-shapetl,  the  central  nervous  system  encircling  the  constriction, 
hut  its  most  characteristic  feature  is  the  plumose  sculpturing  of  the  cuticle 
wliich  lines  the  anterior  part  of  the  internal  aspect  of  each  of  its  three 
columns.  Each  sculpturing  has  thi-ee  external  thickemngs  (Plate  XI, 
fi'T.  :5)  ninning  more  or  less  antero-|iosteriorly  and  projecting  into  the 
nniscular  sulxstance  of  the  oesophagus,  the  central  one  being  the  largest  and 
most  c«)nspicuous.  The  free  internal  surface  is  moulded  into  a  number  of 
freelv  projecting  ritlges  which  nm  obliquely  outwards  an  I  jiosteriorly,  givin-i 
it  the  feathered  apj^earance  on  which  the  nematode's  name  is  based. 

On  the  male  bursa  the  lateral  ray  has  a  prominence  or  accessory  ray 
(»n  its  jxisterior  border,  while  of  the  three  branches  of  each  dorsal  ray  the 
two  outer  are  fused  nearly  to  their  tips  (Plate  XII,  figs.  6,  7  and  8).  The 
spicules  are  equal  and  similar  and  an  acces,sorj'  piece  is  present. 

The  vulva  lies  inuuediately  anterior  to  the  anus,  the  vagina  rumiing 
anteriorly  and  dividing  into  two  parallel  anteriorly  directed  uteri,  each 
providtHJ  with  an  ovijector.     genotype   Plrridojihanjtu:  ajrknna. 

PTEKIDOPHAHVNX  .\FRICANA  n..sp. 

The  e.xcretorj-  pore  and  cer\'ical  japillse  lie  posterior  to  the  jxisterior 
end  of  the  cpsophagus  {vide  Table).  These  papillae  are  ver\'  delicate 
straight  spines  with  an  anterior  inclination.  The  worm  is  widest  midway 
l>etweeri  the  anus  or  cloacal  oiK-ning  and  the  cephalic  extremity.  The 
rp,'^)|>liageal    plume   Is   O'l.T   nun.    long. 

Die  bursal  rays  are  long  and  slender,  jwrticularly  the  dorsal  ones,  the 
bursa  lieing  corresixjurlingly  shajx'd.  The  \mion  of  the  two  outer  dorsal 
ravs  Is  so  nearlv  complete  that  it  is  only  on  close  examination  that  it 
is  plain    that    there    are    more    than  two    on    each   side.    The    spicules 
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l(i()  Biirsdic.  Neni'ifodes!  from.  Iidiaii  and  African  ElepliatUs. 

(Plate  XII,  figs.  9  and  10)  are  equal  and  similar  each  with  a  central  rod 
which  ends  in  a  curve  and  terminates  iu  a  sharp  hook  and  with  two  thin 
alae  plumosely  marked. 

The  vulva  (Plate  XI,  fig.  4)  opens  at  the  sumnut  of  an  anteriorly 
curved  nipple,  situated  immediately  anterior  to  the  anus.  The  vaginal 
lumen  expands  just  posterior  of  its  middle,  and  after  a  course  of  0-5b  mm. 
divides  into  two  parallel  uteri,  which  also,  after  a  course  of  0"55  mm., 
expand  into  ovijectors.     There  were  no  ova  in  any  of   the  females. 

HOST  :     The  African  Elephant. 

II.\BITAT:     The  Stomach. 

Note. — ThegenusUesnearJ/«/".'>/(id»o,  being  separated  from  it  by  the  structure  of  the 
resojiliageal  cuticle,  the  almost  complete  fusion  of  the  two  outer  branches  of  the  dorsal  ray, 
the  delicate  spicules,  and  the  close  ajiproxiniation  of  anus  and  vulva.  The  intimate 
parallelism  between  Indian  and  .4.f rican  forms  of  Miirsh  idia  and  Orammocephnlus  suggests 
that  an  Indian  Pterldoplmrynx  may  yet  be  discovered.  If  '  Nematode  No.  4'  of  Evans 
and  Renniedonot  represent  Clioniniigium  epi'skimum,  it  may  possibly  be  such  a  form. 

QUILONIA  LANE,  1914. 

Synonyms.  Ecunsia  Railliet  and  Henry,  191  I,  not  Eransia  Scott, 
190G  (Copepod)  ;  Xematevamia  Ihle,  1919. 

Fairly  slender  oesophagostominse  with  discoidal  head,  the  rays  of 
the  corona  radiata  being  of  nearly  equal  length  and  separated  from  the 
rest  of  the  head  by  a  trench.  The  cuticle  lining  the  oral  cavity  is 
markedly  disassociated  from  the  ring-shaped  oral  capsule.  Each  of  the 
subventrai  oesophageal  columns  bears  on  its  apex  a  tooth. 

In  the  bursa  each  dorsal  ray  is  tridigitate,  the  cleft  between  the 
outer  and  middle  being  deeper  than  that  between  the  middle  and  irmer 
branches.  Since  the  dorsal  rays  are  long  the  bursa  is  correspondingly 
elongated.  The  spicules  are  equal  and  similar  with  sickle-shaped  points. 
The  accessory  piece  arches  round  the  spicular  canal,  the  ventral  edge 
being  prolonged  at  one  part  into  a  point. 

The  vulva  marked  by  adherent  dark  cement,  lies  in  the  third  quarter ; 
the  short  centripetally-running  vagina  divides  at  once  into  two  opposed 
uteri  bearing  marked  ovijectors,  the  posterior  uterus  immediately 
curving  anteriorly. 

Genotype.  Quilonia  renniei  Kailliet  and  Henry,  1914,  from  the 
Indian  elephant. 

Other  Speclea.  Quilonia  travancra  Lane,  1914,  from  the  Indian 
elephant ;  and  Quilonia  apiensis  Gedoelst,  1916,  and  Quilonia  africana  n. 
sp.,  both  from  the  African  elephant. 


Pl.ATK    XII. 

Fipa.   5 — 10.     Pleridophanjnx  africana 
Kig.      5.     The  anterior  end  from  the  dorsum  showing  the  short  powerful 

resophagos. 
.,         6.     Tic  buna  from  the  right  side. 
,,        7.     The  bnna  from  the  dorsum. 
;,         8.     The  tip  of  the  outer  branch  of  the  dorsal  ray. 

The  "jiic  ilf'9  and  accessory  piece  from  the  dorsum.    The  spicular 
sheath  surrounding  the  anterior  part  of  tlie  right   .spicule  is 
indicated. 
.,        10.     The  tip  of  a  spicule. 
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Clayton  La.nk.— Some  Bursat«  Nematodes  from  Indian 
and  African  Elephants. 
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Clayton  Lane.— Some  Biiisate  Nematode^  from  Indian  and  African 
Elephants. 
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Plate  XIII. 
Figs.    11 — 16.     Quilonia  qfricana. 
Fig.     11.     The  head  from  tlie  left,  side  in  optical  bisection. 
„       12.     The  head  from  the  venter  in  optical  bisection. 
,,        13.    The  bursa  from  the  riglit  side. 
,,        14.     The  bursa  from  the  dorsum. 
,,        15.     The  accessory    piece  in   optical   bisection,  and    the  tips  of  the 

spicules,  from  the  left  side. 
,,        16.     The  posterior  end  of  the  female  from  the  right  side. 
,,        17      (^inlvnin  renniei.     The  subvcntral  tooth. 
„        18.     Quilonia  trarancra.     The  subvcntral  tooth. 


CUiifhni  hi  lie.  irj 

QUILONIA  AFRICANA  n.  sp. 

The  sunlcpii  corona  consists  of  ten  massive  rays  (Plate  XIII.  figs.  1 1 
anil  \'2).  The  subventral  teeth  are  long  and  sharp,  more  .so  than  in  the 
Indian  sijocies  (cf.  Plate  XIII.  figs.  17  and  18).  The  excretory  jKire  and 
cer\ncal  papillae  lie  about  the  posterior  end  of  the  cp.sophagiis  {vide  Table). 
The  greatest  breadth  in  both  sexes  is  situated  about  midway  between 
the  anus  or  cloacal  opening  and  the  anterior  extremity. 

The  bursal  rays  (Plate  XIII.  figs.  K?  and  14)  are  fairly  delicate.  The 
cleft  between  the  medio-lateral  and  dorso-lateral  rays  is  deeper  than  that 
between  the  medio-lateral  and  externo-lateral.  The  spicules  (I'late  XIII, 
fig.  15)  have  fine  shafts  and  delicate  striated  ahv.  The  large  acce.ssorv 
piere  is  very  complete  laterally  and  its  ventral  point  is  incurved. 

The  tail  of  the  female  is  exceptionally  long  and  tlie  point  fine  even 
under  high  ix>wers. 

HOST  :  The  African  Elephant. 

HABITAT  :  The  Stomach. 

Note. — ^Sinoe  differences  in  form,  more  markedly  than  in  niensurement,  distinguish 
the  conpeneric  .ipecies  of  elephant's  neinatode.s.  it  is  unfortunate  that  rirrumstances 
compelled  liedoelst  to  publish  unillustrated  his  description  of  Qiiitoniii  iijiirn.<i.i.  'J'lie 
number  of  rays  in  the  corona,  the  jwsition  of  the  excretory  pore  and  the  length  of  the 
female's  tail  suffice  to  separate  the  two  African  forms.  The  presence  of  the  marked 
subventral  teeth  of  Quilonin  ajric/ina  has  le<l  to  a  re-examination  of  the  two  Indian 
forms,  and  small  teeth  have  been  detected  in  them  al.so  (in  Plate  XIII,  Wff*.  17  anil  18). 
The  corona  in  Quilonin  njrirnna  is  sunken  as  it  is  in  Quilonin  Iraimnrro.  Its  iiosition 
in  Qnilonia  apitntia  is  unnoted. 

The  writer  lias  found  Qiiiloiiin  Iraraiicru  m  copulii.  Tin-  position 
adopte<l  was  unexpected.  The  dorsal  ray  of  the  l)ur.sa  was  directe<l 
towards  the  head  of  the  female,  and  the  two  worms  lay  parallel  with 
their  heads  in  o|)p<isite  directions.  Presumably  this  chnracteristir  is 
generic. 

GRAJLMOCEPHALUS  R.\illiet  and  Henry,  HHO. 
Necatoridi  having  the  head  curved  towards  tin'  dorsum  and  the 
mouth  directed  obliquely,  doraally  and  anteriorly.  The  mouth  capsule 
is  wide  anteriorly  and  narrowed  posteriorly,  the  narrowing  being  abrupt 
on  the  dorsal  wall  and  accompanied  by  an  infolding  of  the  capsule. 
Posterior  of  the  fold  lie  a  ine<Uan  dorsiil  tooth,  giving  exit  to  the  duct  of 
the  oe.'Mjphageal  gland,  and  a  triangular  pair  of  lateral  and  of  subventral 
teeth,  which  are  accordingly  more  anteriorly  situated  than  in  UHual. 
The  subventral  teeth  have  the  free  apex  replaced  by  a  notch,  and  tlie 
lateral  have  the  anterior  surface  concave,  so  that  the  free  apex  forms 


I()8    Barsdte  N etna tudes  from  Indian  and  African  Elephants. 

an  acute  angle.  Tlie  oesopliagus  is  long  and  simple.  From  the  dorsal 
wall  of  the  intestine,  close  to  its  union  with  the  ce-sophagus,  sjiriiigs 
a  long  diverticulum,  flattened  dorso-ventrally  (Plate  XV',  fig.  -H), 
reaching  to  about  the  level  of  the  excretory  pore.  There  is  a  pair  of 
cephalic  glands  nearly  as  long  as  the  oesophagus  whos'j  posterior 
portions  are  packed  between  the  oesophagus  and  the  intestinal 
diverticulum.     The  cervical  glands  are  small. 

Of  the  bursal  rays  (Plates  XII,  XIV,  figs.  10  and  22)  the  extenio- 
lateral  curves  ventrally,  the  medio-lateral  and  posteio-lateral  dorsally. 
The  dorsal  rays  (Plate  XV,  hg.  20)  are  united  from  their  base  to  the  point 
of  origin  of  the  externo-dorsal  rays,  separate  beyond,  their  extremities 
are  bifid,  the  outer  branch  curving,  the  inner  inclining  towards  the 
midline.  The  spicules  (Plate  XV,  hg.  27)  are  strong  with  a  massive 
central  thickening  and  an  ala  on  each  side,  that  towards  the  midline 
being  the  larger  and  marked  by  a  fuie  etching  of  delicate,  dichotomously 
dendritic  lines.     There  is  no  accessory  piece. 

The  vidva  lies  close  to  the  equator.  The  ceutripetally  ruuiiiug  and 
very  short  vagina  ends  almost  immediately  in  the  two  divergent 
ovijectors.     These  are  probably  family  characterstics. 

Genotype,     (xrammocephalus  clalhraius. 

GRAMM0CEPHALU8  CLATHKATUS  (Baiid,  1»U8).  llailliet 
and  Henry,  1910. 

Synonyms.  Sclerostoma  clathnUinn  (Baird,  1868)  ;  Strongijlus 
clalhraius  Cobbold,  1882. 

The  semilunes  (Plates  XIV,  XV,  figs.  19  and  25)  are  large,  the  fold 
in  the  dorsal  wall  of  the  oral  capsule  marked,  the  median  dorsal  tooth 
not  particularly  prominent,  the  apical  notches  in  the  subventral  teeth 
large,  the  anterior  edges  of  these  teeth  face  anteriorly  and  ventrally,  the 
anterior  edges  of  the  lateral  teeth  lie  well  posterior  of  the  corresj^onding 
edges  of  the  subventral  teeth.  The  intestinal  diverticulum  measures 
2'3  mm.     (For  other  measurements  vide  Table.) 

The  bursal  rays  (Plate  XIV,  fig.  20)  are  relatively  long.  The  body 
of  the  female  narrows  abruptly  about  the  anus  and  the  first  part  of  the 
tail  is  nearly  cylindrical  (Plate  XV,  fig.  23). 

HOST  :  The  African  Elephant. 

HABITAT  :  Bile  ducts. 

GRAMMOCEPHALUS  VAREDATUS  n.   sp. 

Synonyms.  'Nematode  No  1 '  Evans  and,  Rennie,  1910 ;  Grammoce- 
phalus  dathratiix  (Baird)  Raillief  and  Henry.  1910.     In  Grammocephalus 
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Platk    MV. 

l"io8.    !'•  and  20.     Grammocephalus  dalhralm. 
Ki.'.     I''      optical  bisection  of  the  hea  1  fi   m  the  rig- t  sidi.-. 
„       20.     The  bursii  frmn  the  h^ft  sMe. 

Pigs.  21 — 22.  Grammocephalus  varedatus. 
Pig.  21.  Optical  bisection  "f  the  head  fnm  the  I'.'ft  aidi-. 
»       22.     The  liUTBa  from  the  right  aide. 
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Plate.\XV. 
Figs.   23 — 20.     (imniiiwcf.plmhis  cln.fhmhis. 
Fig.     2.'1     The  posterior  ciul  of  the  female  from  the  left  siile 
„       21.     The  head  eucl  from  the  right  side. 
,,       2.J.     The  hear!  e:id  from  the  dorsum. 
,,        2<).     T!ie  bursa  from  the  dorsum. 

Figs.    27  and  28.     Grammocc phalus  varedaliis 
Fig      27.     The  right  spicule  from  the  dorsum. 
„       28.     The  posterior  end  of  the  female  from  the  left  side. 
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iiiredaius  *  the  semilunes  (Plate  XIV,  iig.  21)  aie  soiuewhut  siuall,  the 
folil  ill  the  dorsiil  wall  of  the  oinl  capsule  is  uot  luailaHlly  conspicuous, 
I  he  vent  ml  projection  of  the  dors;ii  tooth  is  considerable,  the  apical 
uotch&i  of  the  sub  ventral  teeth  are  small  and  the  anterior  edges  of 
these  teeth  face  anteriorly  and  dorsally,  the  anterior  edges  of  the 
lateral  teeth  do  not  lie  posterior  of  the  corresponding  edges  of  the  sub- 
veutral  teeth.  The  iutestiual  caecum  measures  2'1  mm.  For  other 
measurements  vide  Table. 

The  bursal  rays  are  relatively  short  (Plate  XIV,  fig.  22). 

The  tail  of  the  female  is  conical  (Plate  XV,  fig.  28). 

HOST  :  The  Indian  Elephant. 

HABITAT.  Bile  ducts. 
Note. — Baird's  original  material  of  Orammocephaliis  clalhraUns  (2)  consists  of  a 
aiugle  m*lo  of  the  species  here  described  as  Gramniocephalun  ctalhralm,  and  of  males  and 
feaules  of  •  species  belonging  to  a  widely  different  family.  Baylis  (il)  has  explained  the 
l{ojd  reuoas  for  desigaating  as  Orainm)eeph:ili(<  clalhratiis  Baiid's  single  male  typo 
spjoiinsn.  Cobbold  a  obvious  perplexity  in  this  matter  (o)  is  now  readily  understandable. 
The  African  mitorial  now  examined,  although  the  males  arc  sninller  than  is  Knird's 
ftpecimeo,  mitiuestionably  belongs  to  the  same  species. 

The  genus  is  of  marked  interest  in  several  directions.  The  presence 
of  an  intestinal  diverticulum,  a  fact  noted  by  Evans  and  Keunie  but  since 
disregardetl,  appears  to  be  unique  among  the  Strongyiata  ;  the  anterior 
position  of  the  teeth,  usually  found  at  the  base  of  the  oral  cavity,  is  at 
least  exceptional;  the  females  in  th?  African  and  Indian  material 
e.xamined  as  well  as  in  that  reported  upon  by  Evans  and  Rennie,  are 
smaller  than  the  males;  the  ditferences  between  the  two  species  are 
differences  in  shape,  and  the  ordinary  numerical  and  unillustrated 
description  would,  and  indeed  has,  entirely  overlooked  them. 

BATHMOSTO.MUM  Uailliet  and  Iii:.VKV.    I'.in'.i. 

Small  Necatoridi  having  the  head  curved  towards  the  dorsum 
(Plate  XVI.  fig.  29),  the  oral  aperture  facing  anteriorly  and  dorsally. 
The  oral  capsule  is  fissured  on  its  dorsal  lateral  aspects,  and  its  internal 
surface  is  raised  mainly  ventrally  and  laterally  into  shelf-like 
projections  encroaching  on  the  oral  cavity.  A  small  dorsal  tooth 
surmounts  the  dorsal  column  of  the  oe.sophagus,  which  is  simple  and 
cup-shaped.    , 

In  the  male  bursa  the  dorsal  rays  are  separate  for  nearly  their 
whole  extent  (Plate  XVI,  fig.  31),  the  externo-dorsal  rays  springing 
from    the  indvidual    dorsal    rays.     The    lateral    rays    (Plate    XVI, 
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fig.  33)  Lave  a  vontial  direction.     The  spioulos  are  stout.     There  is  no 
aoressory  piec-e. 

The  vulva  lies  near  the  equator,  the  siiort  rentripetal  vajiina 
dividing  immediately  into  the  two  opposed  nteri  furnished  with 
strong  ovijectors. 

Genotype.     Balhinosloimtut  xmii/eii. 

BATHMOSTOMUM  SANt4ElM  (Col.hold.  1882)  Railliet  and 
Henry,  1909. 

Synonyms.  Dnchmins  .•ifiiu/cri  ('(>i)l)old.  ISSi';  Viiriintna  ns- 
piipilhitiim  Piana  and  Stazzi,  1900. 

The  semilunes  are  large  and  massive  (Plate  XVI,  figs.  :'>!  and  32). 
Owing  to  the  nn.satisfactory  state  of  preservation  of  the  material  the 
worms  would  not  j'oU.  and  correlation  of  the  structures  seen  in  lateral 
and  ventral  views  of  the  oral  cavity  was  imperfectly  attained.  Th(^ 
most  anterior  shelf  is  limited  to  the  lateral  face  of  the  oral  ca\'ity.  The 
next,  either  single  or  divided,  passes  across  its  ventral  face  from  one 
side  to  the  other.  At  the  base  of  the  oral  cavity  there  appears 
to  be  a  pair  of  snbventral  teeth,  in  connection  with  which  a  complete 
shelf  appears  to  encircle  the  whole  base  of  the  oral  cavity.  The  small 
dorsal  tooth  gives,  as  usual,  exit  to  the  oesophageal  duct.  The  oral 
cavity  is  wider  than  long.  The  stout  cervical  papillae  curve  posteriorly 
(Plate  XVI,  fig.  30). 

The  bursal  rays  are  fairly  stout,  the  lateral  and  ventral  rays  tajieiing 
steadily  ;  the  divisions  between  the  three  lateral  rays  are  of  about  the 
same  depth  ;  the  prebursal  papilla  is  large.  The  stoutish  spicules 
(Plate  XVI,  fig.  35)  are  thickened,  first  dorsally,  then  ventrally,  the 
latter  portion  passing  on  into  the  very  sharp,  truncated  point.  The 
cement  gland  measures  0"27,  and  the  kidney-shaped  vesicula  seminalis 
0  06  mm. 

The  tail  of  the  female  forms  a  long  cone,  narrowing  abruptly  near  the 
point,  which  however  is  itself  prolonged. 

HOST  :  The  Indian  Elephant. 

HABITAT  :  Caecum. 
Note. — The  state  of  preservation  prevented  the  possibiUy  of  recognising  the  presence 
ni'  absence  of  cephalic  and   cervical  glands  :  but  since  it  is  a   genotype,  and    because  of 
the  parallelism  between  Indian  and  African  forms,  it  is  felt  that  even  a  partial  description 
may  be  of  value. 

The  steady  destruction  of  the  African  elephant  now  proceeding 
renders  a  fuller  examination  of  its  parasites  a  matter  of  extreme  zoological 
interest  and  importance.    Even  of  greater  interest  and  value  would  be 


Plate  XVI. 
Fig*.   29 — 37.     Hathmostoiii'iiii  srt„,i>ii. 
Kit      2V.     Thv  head  t-ul  froiu  tlie  ri>{ht  .>>i:l«»..^ 
Jt)      A  cervical   |j<tpilla. 
il.     The  h?  id  end  from  the  venter. 

32.     The  he«'i  end  from  the  right  side.     Thf  tliroe  sessile  cepiialic 
p^>ill«  tti  ihriwn.     They  a)jp«ar  to  he  characteristic  of  the 
{•mil.f. 
Mi        he  buKa  iioin  the  right  side.     Note  the  iaii^c  ])r«bni-Mti  pnpiUi. 
.H.     Tlie  buna  from  the  dot*iiin. 
36.     A  spicule. 

.■MV.     The  tip  of  a  spif^ule  more  highly  "i  gtiitied. 
'37.     Th"  loaterinreiid  of  t!ie  female  lri«ni  the  leftside. 
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rnYTON  Lane.— Some  Burxate  Neiuatodea    from  Indian  and  African  Elepliarts 
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adequate  iuvestigatiouuf  the  helminths  of  a    iiiiuiimoth,  coiilil  tliev  Ix 
oli'ainetl  from    an  animal  ieasnnal>ly  i)vespived  in  ice. 

The  Riitisli  Museum  (Natural  Mistorv)   ]M)ssesses  the   \\\v  speciineii 
dealt    with. 
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LETTERING  AND  SCALKS. 

a.  . .                 . .  •  ■  Anus. 

ft.p,  . .                  . .  . .  Aooessory  piece. 

o«|jh.  g.  . .                  . .  . .  Cephalic  gtaiid. 

cer.  g.  . .                 •  •  ■ .  Cervical  glaud. 

ca.a.  ..                  ••  •  •  Central  iiervuua  system. 

c.r.  . .  .  •  .  ■  Corona  raJiata. 

d.  . .  . .  . .  Doreal  ray. 

d.l.  . .  . .  . .  Dorso-latcral  ray. 

d.t.  . .                   . .  . .  Uorsal  tooth. 

e.d.  ..                   ..  ..  K.\l«nio-dor8al  luy. 

ex.p.  . .  '  . .  . .  Excretory  pore. 

i.d.  ..  ..  ..  Intestinal  diverticulum. 

I. p.  . .  . .  . .  Lateral  papilla. 

I.t.  . .  .  •  .  •  Lateral  tuoth. 

I.T.  . .  . .  . .  Latero-veiitiiil  raj'. 

uj.l.  . .  . .  . .  Modio-latoral  ray. 

OBs.  . .  . .  . .  CEaophagus. 

•Bs.f.  ..  ..  ..  QBwphageal  flange. 

uett.p.  ..  ..  (Eiuphageal  plume. 

or.  cap.  . .  .  •  . .  Oral  capsule. 

or.  cav.  . .  . .  . .  Oral  cavity. 

orej.  . .  . .  . .  Ovijcctor. 

p.b.p.  ..  ..  ..  Prebursal  papilla. 

a.  . .  ■ .  . .  Semilune. 

8  .p.  . .  . .  . .  Spicule. 

s.  v.p.  ..  ..  ..  Subvoutral  papilla. 

^.T.t.  ..  ..  ..  Subvontral  tooth. 

Tu.  ..  ..  ..  Vulva. 

v.».  ..  ..  ..  Ventro-vcuti'al  ray. 

All  scales    in    aninterrupted  lines  represent  U'l    mm.     Where   there    U 
extetuio.1  the  total  scale,  continuous  and  interrupted,  represents  10  mm. 
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Captajn  R.  W.  (;.  KINGSTON,  m.c,  i.m.s. 

[lii-ceived  fur  imblicalioii,    huniary    11,    1!)1>1.J 

This  |ia])eri.s  the  result  of  observations  niiuie  at  high  altitiuies  in  tlie 
Western  Hiinahna  and  on  the  Pamir  Plateau  while  serving  with  an 
expedition  despatched  by  the  Survey  of  India  to  complete  the  link 
between  the  triangulations  of  India  and  Russia.  I  think  the  subject 
inay  be  worthy  of  record,  as  I  can  find  no  account  of  any  similar  series  of 
observations  made  over  ao  long  a  period  at  so  considerable  a  height. 

Genkr.vl  Re.mark.s. 
It  i.s  It  very  remarkable  fact  that  a  man  can  make  an  ascent  to  a 
height  of  18,000  or  20,000  feet  and  suffer  a  bodily  inconvenience  so  slight 
that  tsonie  have  scarcely  observed  it.  At  sea-level  there  is  an  atmos- 
pheric pressure  on  the  surface  of  the  body  amounting  to  15  pounds  on 
ever)-  square  inch.  If  the  surface  area  of  the  body  be  taken  as  2,000 
square  inches  then  the  total  weight  supported  bv  the  body  at  sea-level 
will  amount  to  alxnit  lIJi  tons.  A  man  commences  to  ascend.  For  every 
1,132  feet  he  rises  the  barometer  falls  one  inch  and  the  load  on  his 
body  is  re<Iuced  by  about  1,000  pounds.  Wien  he  reaches  10,000 
feet,  the  weight  that  pres-ses  on  him  is  diminished  by  .some  four  tons 
and  at  15.000  feet  he  is  relieved  of  a  pres.sure  equal  to  a  weight  of 
six  tons.  How  great  is  this  change  and  how  little  are  we  aware  of  its 
ocrurrence  f     The  pre.s.«ure  has  diminishe'l  from  l:5i  tons  to  7  tons  and  we 

*  For  preKDtation  as  a  tbesia  for  th«  degree  of  M.  D. 
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scarcely  know  it.  There  may  be  some  ))alj>itatioii  on  exertion,  some 
difficulty  in  breathing,  possibly  a  throbbing  lieadache  and  a  sense  of  undue 
fatigue,  but  the  healthy  man  may  find  little  else  to  make  him  aware  that 
anything  unusual  has  occurrexl.  His  mind  and  body  remain  active,  he 
can  still  perform  his  strenuous  duties  quite  oblivious  of  the  great  pressure 
fi-oiii  wliich  his  body  has  been  relieved. 

Nevertheless,  it  is  a  certain  fact  that  in  any  continued  ascent  an 
altitude  will  always  be  reached  when  the  body  vigour  begins  to  decline 
and  those  distinct  feelings  of  embarrassment  ensue  wliich  we  are  accus- 
tomed to  call  mountain-sickness.  It  would  seem  impossible  to  define 
in  terms  of  feet  exactly  the  altitude  where  the  symptoms  first  appear. 
Some  persons  are  affected  at  a  lower,  others  at  a  higher,  altitude,  some 
who  escape  in  fine  weather,  are  attacked  in  storm  and  fog,  some  who 
appear  free  in  the  mountains  of  one  country,  easily  succumb  elsewhere. 
Indeed,  there  are  men  of  experience  who  are  prepared  to  deny  that  any 
such  malady  occurs  at  all.  Mountaineers  of  the  liighest  authority  have 
in  one  place  met  mth  the  discomfort  as  low  as  7,000  feet  and  in  other 
places  scarcely  observed  it  at  17,000  feet.  The  brothers  Schlagintweit  in 
their  journeys  through  Thibet  felt  nothing  more  than  acute  fatigue  at  an 
altitude  of  22,230  feet,  and  the  party  led  by  the  Duke  of  the  Abruzzi 
to  explore  the  Karakoram  suffered  little  iuc()n\eiiionce  at  the  great  height 
of  24,600  feet. 

Recorded  Symptoms. 
A  condition  ^o  variable  in  its  appearance  is  equally  capricious  iir  its 
mode  of  attack.  Most  travellers  complain  that,  when  a  certain  altitude 
is  reached,  they  hnd  that  they  are  enduring  a  discomfort  wliich  increases 
at  every  step,  that  a  feeling  of  oppression  weighs  down  the  chest,  that 
they  pant  and  blow  to  an  inordinate  degree  and  feel  the  heart  beating 
within  the  chest,  that  with  every  exertion  these  inconveniences  recur,  and 
after  a  short  rest  quickly  pass  away.  These  are  the  usual  discomforts 
which  appejir  to  embarrass  all.  But  there  are  other  symptoms  more 
variable  in  their  appearance  wliich  sometimes  add  to  the  general  distress. 
The  stomach  is  often  attacked.  Men  may  lose  their  appetites,  suffer 
acute  cramps  in  the  abdomen,  find  themselves  nauseated  or  actually 
vomit.  The  functions  of  the  brain  are  frequently  involved.  The  head 
throbs  with  a  sense  of  pain  at  every  beat,  complaints  have  been  made  of  a 
feeling  of  drowsiness,  a  giddiness,  a  loss  of  mental  power,  a  mind  becoming 
more  torpid  with  will  and  memoiy  failing,  even  an  exhaustion  that  sinks 
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into  unconsi-ioiisness.  Hliv'(liiii;s  from  tlie  niui-iui.s  ineiulintiu-s  aic  well 
known,  but  not  very  usual  iiiauifest«tions.  Tlie  blootl  may  How  from  the 
gum.s.  the  lijts.  more  often  from  the  nose,  or  tiie  conjunctivae  may  become 
engorge<l  an<l  the  blotxl  trickle  down  the  cheeks.  Nor  do  the  sjiecial 
senses  always  escape.  Mountaineers  have  coinplainea  of  buzzing  in  the 
ears  and  signs  of  incipient  deafness,  some  have  noticed  peculiar  changes 
in  the  sense  of  taste,  others  an  increased  sensitiveness  to  odours,  others  a 
recognition  of  failing  \'ision.  Over  all  there  hangs  the  burden  of 
exceptional  fatigue.  The  heart  is  beating  at  an  excessive  rate,  the 
breathing  is  deep  and  laboured,  the  skin  is  sometimes  livid,  yet  the 
traveller  struggle.s  on.  He  is  unable  to  perform  the  same  work  with  the 
usual  amount  of  effort,  everv  exertion  exaggerates  the  ill-effects,  and  he 
findii  himself  involved  in  a  bodily  distress  such  as  he  never  experienced  at 
sea-level. 

As  for  myself.  I  noticed  the  first  signs  of  the  inconvenience  at  an 
altitude  of  11.000  feet  after  a  rapid  ascent  from  a  height  of  5,000  feet. 
There  I  was  attacked  with  tho.se  feelings  of  discomfort  that  have  so  often 
l>een  de,srribe<l.  I  felt  a  sensjition  of  exhaustion  out  of  all  jjroportion  to 
the  toil  of  the  ascent.  The  breathing  became  laboured,  the  inspirations 
deeper  ami  the  ])ulse  rate  markedly  increased.  A  throbbing  headache 
develfiped.  becoming  more  acute  at  every  exertion.  With  this  was 
accompanied  a  feeling  of  giddiness  especially  on  attempting  to  move 
after  sitting  down  to  a  short  rest.  These  are  the  first  warnings  that  give 
notice  of  any  change.  The  gastric  and  other  troubles  follow  at  higher 
altitudes.  They  .scarcely  affected  us  below  a  height  of  17,(MX»  feet.  All 
|)eople  suffer  with  different  degrees  of  intensity.  One  man  is  confident 
that  he  feels  no  enibamis.sment.  another,  like  Father  de  .\costa  in  I'eru, 
declares  that  '  I  was  surprised  with  such  pangs  of  straining  iind  casting 
as  I  thought  to  cast  up  my  soul  too,  for  having  cast  up  mcate,  fleugme,  and 
choUcr,  both  yellow  and  green,  in  the  end  I  ca.st  up  blood  with  the 

straining  of  my    stomach T  therefore  |)ersuade    myself 

that  the  element  of  the  air  is  there  so  subtile  and  delicate  as  is  not 
pmiKirtionable  with  the  breathing  of  man,  which  requires  a  more  gross 
and  temfxT.ite  air,  and  I  believe  it  is  the  cause  tliat  dues  so  iiiiich  alter 
the  ston)ach  and  trouble  all  the  dis|)osition.' 

ViKWS   AH   TO  C.VfSATIO.V. 

The  que-stiou  obviously  arises,  as  it  did  to  Father  dc  .\cosla.  wluil  is 
the  cause  of  this  disturbance  in  the  Wlily  mechanism  that  occurs  during 
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ail  ascent  ?  Many  answers,  some  founded  on  scientific  observation, 
otliers  l)ased  on  tlie  mere  fancy,  have  been  given  to  this  question.  The 
eminent  pliysiolofjist.  Paul  Bert,  whose  study  of  the  subject  met  with  wide 
acceptance,  con.sidered  it  to  be  a  simple  asphyxia  the  consequence  of  the 
diminished  supply  of  oxygen  available  at  great  heights.  .\nd  this  also 
is  the  \aew  of  no  less  an  authority  than  Sir  Clifford  AUbutt.  Others  have 
sought  for  the  explanation  not  so  much  in  the  diminution  of  oxygen  as  in 
the  reduction  in  the  atmosplieric  pressure.  Then  there  are  many  theories 
in  which  diflferent  organs  of  the  body  are  believed  to  be  specially  involved 
and  to  account  for  the  general  disturbance.  Some  have  attributed  the 
comjilaint  to  the  excessive  work  of  the  muscles  and  have  endeavoured  to 
fx]ilain  iiU  1)11  a  tlieoiy  of  mere  fatigue.  But  this  I  feel  sure  is  untrue, 
lor  Mr.  Whvniper  did  not  escape  mountain-siclmess  when  he  rode  on 
horseback  to  an  elevation  of  16,500  feet,  and  we  suffered  from  distinct 
symptoms  when  riding  to  17,000  feet  on  yaks.  To  others  a  disordered 
state  of  the  digestive  functions  has  seemed  a  sufficient  cause  to  accoimt 
for  the  whole  train  of  symptoms.  It  has  been  thought  that  a  wealoiess  of 
the  heart's  action  following  the  severe  exertion  would  explain  the  nature 
of  the  attack.  Other  views  turned  to  the  hmgs  as  the  seat  of  the  trouble. 
It  was  imagined  that  those  who  suffered  had  a  pulmonary  cajiacity  below 
the  average,  but  this  siirmise  was  easily  disproved.  Then  changes  were 
believed  to  occur  in  certain  organs  as  a  consequence  of  the  reduction  in  the 
atmospheric  pressure.  The  blood,  it  was  said,  might  accumulate  in  the 
lungs  and  obstruct  the  breathing.  Gaseous  matter,  under  the  diminished 
external  pressure,  might  distend  the  abdominal  cavity  and  interfere  with 
the  heart's  action,  or  even  gas  might  effervesce  in  the  bloodstream. 
From  such  changes  it  was  thought  severe  consequences  would  follow 
sufficient  to  give  rise  to  mountain-sickness.  Other  investigators  sought 
for  a  cause  in  some  disturbance  of  the  nervous  system.  Angelo  Mosso, 
after  a  prolonged  enquiry,  came  to  the  conclusion  that  a  de])ression  of  the 
nerve  centres  was  the  most  probable  cause.  A  change  in  the  circulation 
of  the  blood  through  the  brain  has  also  been  advanced  as  an  explanation  ; 
the  conflicting  views  of  an  anaemia  and  a  congestion  having  both  received 
support.  Others  have  laid  more  stress  on  p.sychological  influences 
and  have  looked  to  the  emotions,  anxieties  and  apprehensions  of  the 
mountaineer  for  the  origin  of  his  distress.  Then  there  are  the  common 
discomforts  associated  with  the  ascent  which,  if  not  the  exciting  cause 
must  contribute  in  some  degree  to  the  general  disablement.  There  is  the 
cold,  the  glare,   the   extreme   efl'ort,  the   physical   fatigue,  perhaps  the 
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unusual  privations,  the  insufficient  sleep,  the  unsuitable  and 
unaccustomed  focd.  Fanciful  ideas  have  also  had  a  place  in  the  many 
attempts  at  an  explanation.  Some  have  looked  to  a  vague  mysterious 
quality  in  the  atmosphere,  others  to  an  exhalation  from  noxious 
mountain  herbs. 

But  the  cause  to  which  I  wish  to  direct  attention  is  that  which 
depends  on  the  increase  in  the  number  of  red  corpuscles  that  occurs 
during  an  ascent  to  any  considerable  height. 

IXCREASE  I.\  THE  XIMBER  OF  RED  CORPUSCLES   DURING     .VN    ASCENT   TO 
A  HIGH  ALTITUDE. 

At  sea-level  the  percentage  of  oxygen  consists  of  20'9G  of  any  volume 
of  air.  About  one-fifth  of  the  air  breathed  is  thus  pure  oxygen.  A 
man  ascends.  He  reaches  7,000  feet.  The  pressure  is  here  reduced  by 
about  one-quarter,  so  that  the  supply  of  oxj'gen  is  only  three-quartere 
of  that  available  at  sea-level.  He  continues  the  ascent.  He  reaches 
a  height  of  18,500  feet  and  finds  that  the  available  supply  of 
oxygen  is  halved.  Could  he  ascend  further  and  reach  the  summit  of 
Evere-st,  a  height  of  29,000  feet,  he  would  have  at  his  disposal  only 
one-third  of  the  supply  of  oxygen  that  he  was  accustomed  to  use  at 
sea -level. 

Man  is  suitably  adjusted  to  liis  environment.  At  sca-lcvel  he  has 
5,000,00<j  red  corpuscles  in  every  cubic  millimetre  of  blood,  and  this 
number  is  sufficient  to  deal  with  the  oxygen  available  at  that  level. 
But  when  an  ascent  is  made  and  the  supply  of  oxygen  is  diminished 
in  amount,  then  the  5,000,000  corpuscles  which  served  the  purpose 
at  .sea-level  are  insufficient  at  the  greater  height.  Something  must 
occur  in  order  to  restore  the  balance.  A  change  does  occur.  The  body 
manufactures  more  corpuscles.  This  is  the  method  by  which  it  adjusts 
it.self  if  it  is  given  sufficient  time.  When  the  man  reaches  8,000  feet 
the  number  of  his  corpuscles  has  risen  to  about  G,000,(K>0,  when  he 
reaches  13,000  feet  the  corpuscles  have  risen  to  7,500,000  and  at 
18,000  feet  the  number  will  probably  exceed  8,000,000  per  cubic 
millimetre  of  blood. 

I  will  enter  into  a  little  detail  on  lliis  physiological  change  in  the 
constitution  of  the  blood  as  I  think  it  explains  the  essential  facts  connected 
with  momitain-.sickncss.  I  made  maiiy  observations  on  the  bloml  of 
different  people  while  ascending  to  the  Pamir  Plateau,  while  resident  on 
the  plateau  and  al.so  during  the  descent. 

J.   mi:  12 
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1  come  first  to  tlie  cliaiigcs  that  took  place  in  tlie  blood  of  one  person 
fluring  tlie  ascent.  The  upward  progress  from  a  lower  to  a  liigher  altitude 
was  ou  the  whole  very  gradual.  Of  course  at  intervals  we  had  to  cro.^s 
comparatively  high  passes  and  to  sink  into  low-lying  troughs  between 
the  ranges.  These  occurrences  would  tend  in  some  degree  to  interfere 
with  the  results,  but,  considered  broadly,  the  ascent  was  e.xtremely 
gradual,  so  much  so  that  nearly  two  months  were  occupied  in  passing 
from  the  lowest  point  at  700  feet  to  the  highest  point  reached,  18,203 
feet. 

The  changes  tluit    occurred  in    this   gradual  ascent    I  tabulate 

...s  follows-,-— 


Date. 

Aititudo. 

Corpuscles  per 
cu.  mm. 

April   10th 

700  feet 

4,iS0,00ti 

May    12tli 

4,H90     „ 

5,240,000 

May    21st 

8,0110     „ 

0,040,000 

May    2StIi 

10.000     .. 

6,624,000 

May    :)Uth 

ll.OliO     ., 

6,760,000 

June  1st 

12,400     „ 

6,800,000 

June  21st 

i;i,;{oo    .. 

7,525,000 

June  23rd 

lo,G00     .. 

7,840,000 

June  26th 

10,907     ,. 

7,640,000 

July  27th 

18,203     „ 

8,320,000 

It  is  clear  from  the  above  table  that  for  every  foot  in  a  gradual 
ascent  there  is  a  continuous  and  fairly  regular  increase  in  the  number 
of  red  corpuscles  per  miit  volume  of  blood.  It  will  be  noticed  that  at  70(i 
feet  the  blood  was  somewhat  below  the  normal  standard  of  richness  and  at 
18,000  feet  the  number  had  become  almost  doubled.  The  rate  of  increase 
is  rapid,  it  can  be  observed  from  day  to  day.  Thus  the  following  observa- 
tions indicate  how  the  number  of  corpuscles  increases  when  an  ascent  cf 
about  600  feet  is  made  on  fonr  successive  days  : — 


Mav  8th 
Srav  .  9th 
Mav  10th 
Mav   11th 


Corpuscles  per 


5,200,000 
5,920,000 
ii,000,000 
.".  840.  "00 


This  last  table  is  not  so  satisfactory  since  for  £ome  nnkuuwa  reason, 
a  diminutio    was  observed  at  7,200  feet. 
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The  numbers  in  both  tables  are  however  suHiciont  to  indicate  that 
an  ascent  fn>ni  a  low  altitmlo  to  a  liigh  altitude  is  associated  with  u 
definite  and  continuous  change  in  the  constitution  of  the  blood.  TIk- 
re<l  corpuscles  are  increased  in  number  in  onler  to  deal  with  the 
diminished  supply  of  oxygen  available  at  the  greater  height.  .\iid 
this  is  the  mechanism  by  which  acclimatisation  takes  place. 

I  may  mention  here  that  certain  objections  have  been  taken  to  the 
conclusion  that  an  iucrejise  in  the  number  of  corpu.scles  occui-s  durinii 
an  ascent.  It  has  been  said  that  this  increase  is  ajiparent  but  not  renl. 
The  corpuscles  only  appear  to  have  undergone  an  increase  owing  to  some 
change  in  the  liistribution  of  the  elements  of  the  blood.  More  of  the 
corpuscles  may  have  accumulated  in  the  superficial  ve.ssels  and  a  corres- 
ponding diminution  would  be  found  in  the  deeper  organs.  Or  it  has  been 
thought  that  the  blood  becomes  more  concentrated  owing  to  the  great«'i 
excretion  of  water  at  these  heights,  and  that  this  would  account  for  the 
ap|>arent  increa.se.  But  the.se  views  have  not  gained  wiile  acceptance. 
They  are  not  ea.sy  to  reconcile  with  the  gradual  growth  of  the  corpuscles 
and  their  api)earance  only  during  a  prolonged  ascent.  Moreover,  if  the 
change  was  merely  a  relative  one  it  is  not  likely  that  it  would  he 
|)ennanently  established,  as  I  will  show  later,  in  those  who  live  their 
whole  lives  at  very  considerable  heights.  The  change  is  something  real. 
It  is  a  definite  addition  to  the  number  of  red  corpuscles  that  circulate  in 
the  blood  stream. 

ReLATIO.V  of    CORPUSCXJL.^R   increase   to  MOITNTAIN-SICKNESS. 

Now  thi.s  increase  in  the  number  of  corpuscles  has  a  distinct  relation 
to  mountain-sickness.  The  development  of  the  corpu.scles  is  a  gradual 
process.  If  a  man  ascends  in  one  day  from  sea-level  to  say  12,000  feet, 
he  certainly  has  not  at  the  end  of  that  day  increased  the  richne.ss  of  his 
blood  to  the  extent  of  some  1^  million  corpuscles  for  every  cubic  millimetre. 
There  has  not  been  time  for  that  increase  to  occur,  yet,  until  it  has  t^iken 
place,  the  man  has  not  adapted  him.self  to  his  new  surroundings.  He  is 
not  acclimatised.  The  blood  manufacturing  powers  of  his  body  are  hard 
at  work,  but  until  they  have  produced  the  additional  Ji  millions  required 
at  that  height  he  is  not  compensatetl  to  the  new  conditioiw.  He  is 
comparatively  anaemic  and  suffers  from  those  feelings  of  inca|>acity 
which  we  are  accustomed  to  call  mountain-sickness. 

He  suffen  from  a  breathles-snesa  and  palpitation  because  his  lungs 
and  heart  have  to  act  with  increased  force   until    new   corpuscles    an- 
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developed  in  sufficient  numbers  to  suit  the  rarified  air.  He  complains 
of  lieadaclie,  giddiness,  faintness,  nausea,  insomnia,  possibly  a  diminished 
mental  power  or  some  failure  of  the  special  senses,  all  of  which  are  the 
symptoms  of  the  comparative  anaemia  which  has  not  yet  been  made  good. 
He  is  mountain-.sick  because  he  is  not  yet  acclimatised.  But  the  disability 
is  only  temporary.  The  body  has  not  yet  adjusted  itself  to  the  new 
conditions.    Acclimatisation,  though  in  progress,  is  not  yet  complete. 


ACCLIMATLSATION  TO  GREAT  HEIGHTS. 

But  acclimatisation  mil  in  time  occur.  If  the  man  continues  to 
remain  at  12,000  feet  the  distress  from  which  he  sufiers  will  gradually 
pass  away,  and  in  a  few  weeks  he  \vill  find  himself  as  comfortable  as  he 
was  at  sea-level.  He  is  no  longer  mountain-sick  because  he  has  become 
acclimatised.  This,  however,  has  been  doubted  by  some  authorities. 
Sir  Clifford  Allbutt  considers  that  '  even  the  hardened  mountaineer  does 
not  lose  the  true  mountain-sickness  by  habituation.'  Nevertheless  I 
believe  that  acclimatisation  is  real.  It  occurs  everywhere.  Whymper 
recognised  it  in  the  Equatorial  Andes  and  the  Schlagiutweits  in  the 
mountains  of  Thibet.  I  \vill  show  that  man  becomes  habituated  to 
low  pressures  on  the  Pamir  also. 

The  altitude  of  the  Pamir  vallej's  is  on  au  average  about  1 3,500  feet. 
On  first  ascending  to  these  valleys  many  of  our  party  suffered  from 
the  usual  embarrassment  associated  Avith  the  height.  As  for  myself  I 
had  a  throbbing  headache,  a  difficulty  in  breathing  on  slight  exertion, 
a  sleeplessness  at  night  and  a  feeling  of  giddiness  especially  when 
rising  from  the  grovmd.  Others  were  less  fortunate.  Two  men  were 
attacked  with  vomiting  and  fever  and  were  so  prostrated  as  to  be 
imable  to  work.  After  a  residence  of  three  days  at  this  altitude, 
our  discomforts  had  appreciably  diminished  and  after  a  week  we 
felt  little  more  distress  than  if  we  were  at  sea-level.  Acclimatisation 
had  taken  place.  This  was  not  only  evident  from  our  sensations  but 
was  more  definitely  settled  by  an  examination  of  the  blood.  The 
number  of  corpuscles  iji  my  blood  at  700  feet  amounted  to  4,480,000 
per  cu.  mm.,  but  the  mean  of  a  number  of  examinations  made  on  the 
Pamir  valleys  over  a  period  of  two  months  showed  that  the  number 
had  increased  to  7,402,000.  This  was  the  test  of  acclimatisation,  and 
when  this  number  was  reached  the  symptoms  of  mountain-sickness 
disappeared. 
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Different  peoples  are  affected  in  the  same  way,  and  llie  followinj;  arc 
the  aver.ijje.s  of  a  series  of  counts  made  on  tliree  type-;  of  penple  wlin 
ascended  ii\  our  jwrty  to  the   Pamir. 
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Englishmaii  . .  7.402,ltn(i 

Kashmiri       ..  7,7(1(1.11(1(1 

Gurkha  ..  |       7,I4(),())I() 


Tims  it  is  cleu  that  a  residenro  in  iiiuli  ^iltitudcs  results  in  accliinati- 
-sation.  and  that  the  method  of  acc'lini.itisatioii  is  hy  the  (Icvclopiiicnt  of 
more  red  MoikI  corpuscles. 

Our  work  often  took  u.s  from  the  vallej's  to  the  summits  of  the  ranjics 
that  ri.sc  fnmi  the  plateau  to  a  height  of  from  17,000  to  18,000  feet.  At 
these  altitude-s  we  again  experienced  discomfort.  Wc  were  acclimatised 
t4>  l.'^.OOO  feet  but  not  to  a  still  greater  altitude.  .At  18.000  feet  wo  again 
felt  to  some  d^ee  disabled.  Our  breathlessness,  (l3spepsia,  and 
diminution  of  bodil}-  vigour  all  tended  to  re-appear.  But  just  as 
acclimatisation  followed  on  a  residence  at  13,000  feet,  so  it  also  dcv('lo))cd 
after  a  stay  at  greater  heights.  We  remained  for  nine  days  on  the  summit 
of  a  ywss  at  l.j.fiOO  feet  and,  as  a  consequence,  the  blood-count  had  risen 
to  7,810,000.  .After  a  stay  of  two  days  at  16.007  feet  the  count  was 
7,<»l(t,fiOO,  and  after  a  .similar  length  of  .stay  at  18,203  feet  the  niuuberof 
corpuscles  had  reached  the  highest  I  have  observed,  viz.,  a  count  of 
8,320,000.  We  remained  at  this  height  for  only  two  days.  The  time  was 
too  short  for  complete  acclimatisation  to  take  place,  but  the  count  of 
8,320,000  indicates  that  the  manufactory  of  new  corpuscles  was  working 
at  high  pre-ssure  and  that  accliraati.sation  would  soon  take  place. 

That  acclimatisation  is  definitely  as.sociated  with  an  increase  in 
the  number  of  the  re<l  corpuscles  i.s  made  evident  in  another  way.  We 
had  iu  our  p<»rty  one  .ser\'ant,  who  remained  persistently  ill  for  days 
after  he  had  ascendwl  to  the  plateau.  When  everybody  else  had  become 
acclimatLsed  he  still  suffered  from  a  severe  distress.  His  appearance 
remained  distinctly  livid  and  he  complained  of  headache  and  .sleeplcssaess. 
On  the  .slightest  e.\ertion  his  breathing  became  laborious  and  he  was 
seized  with  attacks  of  vomiting  and  fever.  This  man  failed  to  adapt 
himself  to  the  new  conditions  and  he  was  quite  unable  to  work.    'I he 
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cause  ul  [lis  failure  iu  adaptatiou  was  e\'ideiit  from  the  examiuation 
of  his  blood.  The  number  of  his  corpuscles  had  reached  only  5,700,000 
while  the  blood-coimt  normal  for  that_  altitude  was  over  7,000,000. 
For  some  reason  the  manufactory  of  blood  corpuscles  had  in  this  man 
partially  broken  down  and  he  failed  to  become  acclimatised.  His 
condition  very  slowly  improved.  After  two  months  of  residence  at  13,500 
feet,  his  bloo(i-count  had  increased  to  7,720,000.  He  was  then 
acclimatised  and  all  Ids  symptoms  disappeared. 

The  question  arises,  to  what  degree  can  acclimatisation  take  place  ? 
We  can  gain  scarcely  any  information  from  experiments  made  in 
pneumatic  chambers  or  from  the  result  of  observations  made  in  aeroplanes 
and  balloons.  Acclimatisation  is  so  gi'adual  a  process  that  we  must 
rely  on  prolonged  observations  made  on  solid  ground.  From  these  I  am 
confident  that  a  man  can  easily  adapt  himself  to  a  height  of  13,000  feet, 
and,  from  the  rapidity  with  which  the  corpuscular  increase  occurred,  I 
imagine  that  acclimatisation  might  be  complete  at  an  altitude  of  18,0f)0  feet. 
But  if  compensation  is  possible  up  to  18,000  feet,  will  it  still  continue  if  a 
man  could  ascend  to  the  summit  of  Everest,  an  altitude  of  29.000  feet  ? 
At  that  height  the  weight  of  the  atmosphere  will  be  reduced  from  760  mm. 
to  250  nmi.  of  mercury,  the  average  available  supply  of  oxygen  will  be 
diminished  to  one-third  and  a  pi'essure  of  nine  tons  will  be  removed  from 
the  surface  of  the  body.  We  may  well  ask  i!  man  could  ndapt  himself 
to  changes  so  great  as  these. 

There  must  be  some  limit  to  the  degree  of  adaptation,  and  I  think 
that  in  the  case  of  this  servant,  who  failed  to  adapt  himself  for  an 
exceptionally  long  time  to  an  altitude  of  13,000  feet,  there  was  some 
indication  that  in  his  case  the  limit  of  adaptation  had  almost  been 
reached.  Nevertheless  we  should  be  careful  in  forming  an  opinion  on 
a  single  case,  since  the  Duke  of  the  Abruzzi,  when  he  reached  the  great 
height  in  the  Karakoram  of  2i,(i00  feet,  experienced  no  inconvenience  or 
no  distressing  symptoms  of  mountain-sickness.  His  ascent  was  com- 
paratively slow  and  he  had  developed  an  acclimatisation  even  to  such 
extreme  heights  as  these.  It  would  seem,  therefore,  probable  that  ada])ta- 
tion  would  still  continue  for  aii  additional  1,500  feet,  which  would  mark 
the  sunnnit  of  Everest.  To  reach  such  an  altitude  the  a.sccnt  would 
necessarily  have  to  be  in.nle  with  cxtremo  slowness  to  |>eiiiiit  of 
acdimatisntion  to  gradually  develop.  Whatever  may  he  the  ]iliysical 
difficulties  of  the  ascent,  1  feel  certain  that  the  physiological 
enibarrassuieut  on  account  of  the  li^ritied  air  is  capable  of  being  overcome. 
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Perhaps  a  residence  of  .some  weeks  at  a  great  altitude  such  as  the  Plateau 
of  Thibet  would  l)c  the  best  pn.'pai-ation  for  tiie  iiU'U  who  set  out  to 
eouquer  the  highest  suiiiiuit  on  tiie  globe. 

Xu.MUER   OK    KEl)   ClJRPL'SCLE.S    IX  THE    ULODl)    (Jl"    I'EI«.M.\.\ENT   DWELLEltS 
AT  HI«H   ALTITIDES. 

The  Pamir  Plateful  is  inhabited  bv  two  n  mid  tribes,  the  Kirghiz 
and  the  Sahkolis.  Most  of  these  people  live  permanently  at  an  altitude 
of  ul)ouf  1.%0(KI  feet  and  seldom  descend  nnich  below  that  level.  It 
has  been  thought  that  people,  such  as  the  Pamir  nomads,  or  the 
inhabitants  of  Thibet,  who  permanently  live  at  great  heights,  possess 
an  incrcHsed  caiwcity  of  the  chest  for  the  purpose  of  inhaling 
a  greater  volume  of  the  more  rarified  air.  But  this  is  not  true.  The 
Sarikolls  differ  from  u.s  iii  no  obvious  anatomical  respect.  Their 
general  physique  and  build  and  the  volume  of  their  chests  are  in  no 
way  peculiar.  Their  length  of  life  and  the  physiological  functions 
of  their  bodies  resemble  those  of  the  peojile  of  tlie  plains.  They  differ 
from  U.S  in  one  [virticular  only,  viz.,  the  number  of  corpuscles  in  the 
1>1i>k1.  I  consifler  it  would  be  a  matter  of  interest  to  deterniine  the 
nonnal  blood-count  of  these  people  and  to  ascertain  if  their  blood 
agreed  in  the  increased  number  of  corpuscles  with  that  which  was 
seen  to  have  develope<i  in  the  blood  of  Europeans  who  had  ascended 
to  these  heights. 

It  was  easy  to  induce  the  Sirikolis  to  give  their  i)lood  in  the  cause 
oi  science.  I  used  to  sit  outside  the  tent  with  my  microscoijc  and 
equipment  on  a  ljo.\  before  me.  The  nomads  used  to  collect  around  in 
wonder  at  the  novel  sight.  With  a  little  persua.sion  and  a  promise  to 
show  them  the  wonders  of  their  own  blood  they  were  very  ready  to 
come  for>vard  and  were  highly  anuised  at  the  operations.  1  examined 
the  blood  of  .seven  Sarikolis,  all  adult,  healthy  males,  with  the  following 
results : — 
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Tho  nu'nu  (if  tlu'se  seven  observations  shows  that  the  blood  of  the 
Sarikoli  contains  7,590,000  red  corpuscles  in  every  cubic  millimetre. 
The  blood  of  the  Kirghiz  gives  a  similar  result.  I  had  less  oi:)portuuity  of 
examining  these  people,  but  in  the  blood  oi  some  who  came  for  medical 
aid  from  the  Russian  side  of  the  Frontier.  I  found  that  the  blood-count 
reached  an  average  of  7,920,000. 

These  numbers,  it  will  l)e  iioticed,  agree  closely  with  the  average 
count  of  7,402,000  estimated  in  the  blood  of  an  European  who  liad  ascended 
to  these  altitudes.  Thus  we  may  conclude  that  the  peojile  who  dwell  at 
great  heights  differ  from  the  inhabitants  of  sea-level  b}-  the  possession 
of  a  greater  abundance  in  the  corpuscles  of  the  blood  by  virtue  of  which 
they  are  habituated  to  the  low  pressures  in  which  they  live.  Further, 
that  the  inhabitant  of  sea-level,  dming  an  ascent  to  a  higher  altitude,  is 
able  to  improve  gradually  the  standard  of  his  blood  until  it  ultimately 
reaches  the  degree  of  richness  normal  to  the  permanent  inhabitants  of  the 
higher  altitude.  And  when  that  increased  development  of  new  corpuscles 
has  taken  place  the  resident  of  the  plains  is  as  well  adapted  to  the  raiified 
air  as  is  the  resident  of  the  heights.  All  the  disturbing  symptoms  due 
to  altitude  will  have  disappeared.     Acclimatisation  will  be  complete. 

Experienced  observers  have  sometimes  stated  that  the  dwellers  of 
great  heights  suffer  from  a  distress  in  the  same  degree  as  those  who 
have  made  a  temporary  ascent.  But  there  is  much  likelihood  of  error 
in  this  respect.  They  have  compared  the  people  with  themselves  after 
they  have  made  a  gradual  ascent,  and  they  have  observed  how  both 
suffer  an  equal  degree  of  fatigue  after  some  strenuous  exertion.  It  is 
not  always  remembered  that  the  man  who  makes  the  ascent  has  been 
undergoing  a  gradual  and  continuous  acclimatisation  until,  by  the  time  he 
meets  ^rith  the  dwellei-s  of  the  higher  altitudes,  his  physiological  condition 
closely  resembles  theirs.  It  is  very  difieren:  before  acclimatisation 
occurs.  Could  a  man  be  transplanted  in  a  single  day  from  the  plains  of 
India  to  the  plateau  of  the  Pamir  he  would  find  himself  involved  in  a 
bodily  incapacity  from  which  the  inhabitants  of  that  plateau  woidd  be 
altogether  free. 

Pulse  and  RESPiR.vriox  at  high  altitudes. 

Before  passing  to  the  reversion  of  the  changes  that  occur  during  the 

descent,  I  vnW  menticJn  a  few  other  oliservations  on  this  subject  that  I 

made  on  the  plateau.     It  is  often  thought  that  a  marked  increase  in  the 

heart's  action  follows  on  the  ascent  to  a  high  altitude.     But  this  is  true 
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oiilv  as  a  consequence  of  exertion.  After  a  rest  there  is  little  obvious 
change.  Thus  the  average  of  ii  number  of  observations  made  at  over 
13,000  feet  gave  the  pulse  rate  a.s  8.'),  an  increase  which  is  almost 
negligible. 

But  it  i.s  different  after  moderate  exercise.  Then  tlie  pulse  beats  at 
a  faster  rate  than  is  usual  after  an  equal  eftort  made  at  sea-level.  I  once 
tested  this  at  a  later  date  by  ascending  about  (500  feet  each  day  for  four 
successive  days,  then  running  a  hundred  yardsand  immediately  afterwards 
Kilculating  the  pulse.  The  table  indicates  a  gradual  iiK  rc;isi"  each  day 
due  to  the  additional  (•(tO  feet  added  to  the  ]icii;lit. 


Miiv  8th 
Mav  nth 
Mav  loth 
MaV   lllh 


5.300  feet 
5,900     ,. 
(i,500     .. 
7,200     .. 


110 
ll'li 
I2S 
1411 


It  is  very  similar  in  the  case  of  the  respiratory  n\eclianism.  There  is 
little  change  in  the  rate  of  breathing  wliile  the  body  is  at  rest,  but  after 
exertion  the  breathing  becomes  much  more  laboured  than  is  usual  for  the 
.sjinie  effort  at  sea-level.  Thus,  in  mv  own  case,  tiio  mean  t)f  a  mnnber  of 
calciilatioas  made  at  a  height  of  over  13,000  feet  while  in  a  state  of  rest 
gave  a  respiratory  rate  of  15,  a  number  below  the  normal.  The  great 
increa.se  that  follows  on  exertion  will  be  evident  from  a  table  similar  to 
that  of  the  jjuIsc  where  <iOO  feet  were  climbed  each  day  for  four  successive 
days  and  the  respirations  counted  after  a  run  of  100  yard-;. 
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There  is  no  increase  in  the  rate  of  breathing  unless  undue  exertion 
is  made.  Other  observenj  have  shown  by  careful  instrumental  observation 
that  neither  is  there  any  increase  in  the  depth  of  the  respirations  nor  in 
the  volume  of  air  breathe<J.  I  have  mentioned  these  facts  to  show  tlmt 
compensation  for  altitude  does  not  take  place  through  the  medium  of 
either  the  heart  or  lungs 
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Cheyxe-Stokes  re.spikation. 

But  there  is  one  striking  change  iu  the  respiration  when  livuig  at 
great  heights,  a  change  which  has  also  been  observed  in  the  Alps  by 
the  physiologist,  Angelo  Mosso.  I  refer  to  the  peculiar  arrest  in  the 
rliythni  of  tiie  breatliing  liiiown  as  Cheyne-Stokes  respiration. 

I  first  noticed  this  respiratory  arrest  iu  an  European  while  he  was 
asleejj  at  an  altitude  of  18,000  feet.  It  occurred  during  the  night  and 
was  very  distinct.  A  long  ])ause  of  nine  or  t(!n  seconds  would  occur 
in  the  resjjiratory  rhythm  during  which  the  breathing  would  completely 
cease.  Then  a  gentle  inspiration  became  audible,  succeeded  by  two  deep 
and  laborious  heavings  of  the  chest.  Then  followed  a  fourth  respiration 
as  feeble  as  the  first  and  then  another  pause  of  nine  seconds  during 
wliich  not  a  breath  was  taken.  The  four  respirations  occupied  a  period 
of  si.x  seconds,  while  the  silent  period  was  as  long  as  nine  seconds. 

Breathing  of  this  type  has  been  attributed  to  a  diminution  in  the 
amount  of  carbonic  acid  in  the  blood.  Carbonic  acid  has  the  power  of 
stimulating  the  respiratory  centre.  The  amount  of  carbonic  acid  in  the 
blood  diminishes  with  the  altitude,  and  thus  the  stimulus  wliich  normally 
excites  respiration  becomes  less  the  greater  the  ascent  initil  a  lieight  is 
at  length  reached  when  the  efl'ects  become  obvious  in  that  the  breathing 
w\\\  temporarily  cease.  This  peiiotlic  pause  in  the  breathing  becomes  more 
marked  the  liigher  the  altitude.  I  have  heard  it  very  clearly 
during  the  night  at  an  altitude  of  13,500  feet,  but  never  .so  distinct  as  at 
18,000  feet  where  I  once  counted  a  paasc  of  fifteen  seconds  when  not  the ' 
slightest  attempt  at  respiration  occurred. 

RkLVTIOX  of  JIOUNIWIN-SICKNESSTO  .\TMOSPHERrC    CONDITIONS. 

Another  factor  which  I  noticed  wliile  on  the  Pamir  was  the  relation- 
ship that  exists  between  the  symptoms  of  mountain-sickness  and  the 
atmosi)heric  conditions  that  prevail.  On  two  occasions  we  cUmbed  a 
certain  peak  to  a  height  of  18,20.3  feet.  During  one  ascent  the  sky  was 
clear  and  the  air  free  from  moisture,  and,  though  we  suffered  a  little 
from  headache  and  oppression  in  the  chest,  yet  the  disability  was  shght. 
On  the  second  occasion  the  atmospheric  conditions  were  very  different  j 
The  heavens  were  dark  and  threatening,  stormy  weather  was  immment, 
and  the  air  was  saturated  with  moisture.  Our  distress  on  tliis  occasion 
was  acute.  Every  few  paces  found  ns  panting  and  gasping  for  breath 
which  demanded  short  halts  at  intervals  of  three  or  four  minutes.  On 
the  summit  we  were  snow-bound  for  two  days.     We  lost  all  appetite. 
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were  nuusoateil  aiul  felt  not  the  sliglitest  iucliiuitiou  for  work.     Even  the 
animals  were  overcome,  for  one  of  our  dogs  vomited  at  tliis  height. 

It  seems  that  there  is  some  connection  between  the  intensity  of  the 
symptoms  and  the  amount  of  moisture  in  the  atmosphere.  Otlier 
travelK'rs  have  noticetl  an  increase  in  their  embarrassment  during  tlic 
onset  of  a  storm,  others  have  complained  that  they  suiYer  more  wiien  over 
rock  than  over  snow,  otheis  more  when  in  the  sun  tlian  under  cloud, 
others  moiv  in  .stagnant  air  than  in  a  strong  wiiui,  and  some  Iuinc  thimglit. 
that  certain  mountains  po.s.se.ss  a  sjwcial  liannful  elfect. 

Decrease  in  the  xlmbek  ov  red  corpuscles  ul rim;  the 
descent  from  a  hk!h  to  a  low  altitude. 

I  come  now  to  the  descent.  1  have  shown  that  tiie  numl)er  of  red 
corpuscles  increases  during  an  ascent  from  a  low  to  a  high  altitude, 
and  1  will  now  consider  the  reversal  of  the  process,  viz.,  the  reduction 
in  the  number  of  corpuscles  that  occurs  during  the  return  to  sea-level. 
The  production  of  new  corpuscles  during  the  ascent  is  the  result  of  a 
continuous  stimulus  which  the  raritied  air  is  always  e.xerting  on  the 
blrxKl-forming  mechanism  of  the  body.  During  the  descent  the  pei-son 
is  all  the  time  passing  into  a  denser  atmosphere  and  consequently  this 
stimulus  is  removed.  The  number  of  corpuscles  in  the  blood  diminishes 
as  a   consequence  of  disuse. 

The  reduction  in  the  corpuscles  during  the  descent  nmcli  resembles 
their  incresise  during  the  a.scent  as  is  clear  from  this  tal)le. 


Date. 

.  Altitude. 

Coii)U»cle8  jjir 
ou.  mm. 

.^ugUKt    loth 

\i,aW  ieet 

7,402,UO(' 

August  2Utb 

9,4.-.(J     „ 

7,3(iO,000 

Auguitt  23rd 

8,500     „ 

o.yuo.ooo 

AugUBt  28th 

8,000     „ 

li,  120,000 

September  fith 

*,VM\     „ 

.j,(i80,00ll 

OrtolK-r  zOth 

OMO     „ 

"•  H20.tKK' 

\     iiMV    aii<i   gia<iiial   •iiiiiiii.ll.u.i   iitiil.-..   UUMi    liie   iiliiini    lesumi'S   ll.t 

content  normal  to  the  altitude.  But  the  dimimilion  is.  I  think,  h-s-s  rapid 
than  the  increase,  since  ten  days  after  our  return  to  the  plains  tlu!  blood 
had  not  resumed  its  normal  for  that  altitude. 
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Reduction'  ix  the  coiipuscles-of  a  permaxext  dwelleu  at 

KKilt   altitudes   during  A  DESCENT. 

It  is  clear  tlmt  the  dweller  of  a  low  altitude  loses  again  the  corpuscles 
]u\  liad  niannfactuied  as  soon  as  he  commences  to  return  to  his  original 
level.  Hut  it  is  not  nccessaril}^  the  case  that  the  permanent  inhabitant 
of  a  high  altitude  will  show  a  similar  decrease  in  his  blood  if  he  makes  the 
descent.  The  number  of  his  corpuscles  has  alwaj's  been  high  and  when  he 
descends  he  will  meet  with  no  stimulus  to  raalce  them  diminish. 

I  had  an  opportunity  of  investigating  the  question.  A  Sarikoli 
nomad  accompanied  our  expedition  on  its  return  journey  as  far  as  Gilgit, 
and  I  made  frequent  examinations  of  his  blood  atdifferent  stages  in  the 
descent.  This  man  had  spent  almost  his  whole  life  at  an  altitude  of 
about  13,000  feet  and  had  only  on  one  occasion  descended  as  low  as 
]  0,000  feet.  The  average  blood-count  of  the  Sarikolis  has  been  stated 
to  be  7,595,000  and  the  blood  of  this  man  agreed  closely  witli  that 
average.  I  expect  that  the  number  of  corpuscles  in  his  blood  had  never 
been  much  less,  yet  during  the  descent  to  a  lower  level  his  blood-count 
gradually  decreased.  At  9,150  feet  it  had  diminished  to  7,320,000,  and 
at  7,500  feet  it  had  sunk  as  low  as  5,900,000.  This  was  a  marked  diminu- 
tion and  its  rapidity  of  decline  corresponded  closely  witli  the  blood  of  an 
European  who  had  made  only  a  temporary  ascent  to  an  altitude  where  the 
Sarikoli  had  passed  his  whole  existence. 

Conclusions. 

I  will  briefly  recapitulate  the  main  conclusions.  Mountain-sickness 
is  a  reality  which  affects  different  persons  in  different  ways.  There  is 
some  altitude  in  every  continuous  ascent  when  a  feeling  of  embarrassment 
jvill  occur  and  the  person  will  recognise  that  lie  has  not  the  same 
capacity  for  efiort  that  he  possessed  at  sea-level.  This  altitude  may 
vary  for  diSerent  people,  in  different  places,  and  at  different  times,  and 
may  depend  in  some  degree  on  the  amount  of  moisture  in  the  air.  A 
person  who  ascends  from  a  low  altitude  to  a  high  altitude  is  able  gradually 
to  acclimatise  himself  to  the  requirements  of  the  greater  height.  His 
method  of  acclimatisation  is  by  the  development  of  an  increased  number 
of  red  blood  corpuscles  in  order  to  provide  the  body  with  additional 
oxygen-carriers  to  deal  with  the  rarified  air.  The  number  of  corpuscles 
increases  in  ^Jroportion  to  the  altitude,  and  when  a  sufficient  number  has 
been  developed  in  accordance  with  the  altitude  then  acclimatisation  is 
complete.     If  the  ascent  is  gradual  the  manufacture  of  corpuscles  keeps 
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pace  with  the  requirements  of  the  altitude  and  no  inconvenience  is  felt. 
If,  on  the  other  hand,  the  ascent  is  rapid,  then  a  sufficient  luunljer  of  cor- 
puscles has  not  time  to  dcveloj) :  the  bloinl  is  relatively  deficient  and 
the  person  suffers  from  mountain-sickne-ss.  If  he  remains  for  an  adequate 
time  at  the  altitude  lie  has  reached,  he  \nll  gradually  become  acclimatised 
and  his  distre.ss  will  dis;ipjx>ar.  In  certain  per.sons  the  development  of 
corpuscle-s  is  delayed  and  their  sufferings  as  a  consequence  are  acute  and 
prolonged.  People  who  live  permanently  at  a  high  altitude  have  a 
richer  blood  supply  than  tho.se  who  inhabit  low  altitudes  but  differ  in 
no  other  respect.  The  number  of  corpuscle.s  in  the  blood  of  a  dweller  at 
low  altitudes  can  increase  until  it  reache.s  ultimately  the  nimiber  normal  to 
the  dwellers  at  high  altitudes.  And  during  a  return  to  seji-level  the 
number  of  corpuscles  will  again  diminish  until  the  normal  for  the  altitude 
is  again  restored,  and  the  blood  of  a  jjcrmanent  iidiabitant  of  high 
altitudes  will  undergo  a  similar  change.  The  human  body  has  a  wonderfiJ 
power  of  adjusting  itself  to  changes  in  its  enNnronment.  It  can  easily 
adapt  itself  to  an  atmosphere  that  contains  only  half  the  oxygen  supply 
available  at  .sea-level,  and  there  is  reason  to  believe  that  it  would  adapt 
it.self  to  one-third  of  this  supply  such  as  it  would  find  on  the  summit  of 
Everest. 
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XI.     EXTRACTU.M    FILICLS  LIQUIDUM. 

IIlSTOKY. 

The  rhizome  of  male  fern  has  been  a  favourite  i.nthelmintir  .since  the 
times  of  Theophrastus,  Dioscorides,  Pliny  and  Galen,  it  seems  to  have 
been  generally  admini.stercd  in  3G  grains  doses,  either  alone  or  mixed  with 
some  other  substance  or  substances. 

Valmont  de  Bomare  (176i)»  says  that  the  root  of  male  fern  was 
very  much  U9«h1  by  the  ancients  in  chronic  diseases  as  an  aperient  and 
antisplenic.  He  adds  that  it  is  also  a  powerful  vermifuge  and  one  of  the 
greatest  secret  remedies  of  Empirics  who  cleverly  atlminister  it,  along 
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with  some  mercurial  preparation,  to  expel  rouiul-worms  and  flat-worms 
from  the  body.  But  pregnant  women  ought  not  to  be  treated  with  this 
drug  as  it  may  cause  abortion. 

About  the  year  1775,  the  King  of  France  purchased  from  Madame 
NufTer,  the  widow  of  a  Swiss  surgeon,  a  secret  remedy  for  tapeworm, 
which  proved  to  be  the  powdered  root  of  male  fern. 

Marinus  (1824)  administered  male  fern  along  with  sulphuric  ether. 
In  1825,  Pescliier  fought  the  Bothriocephalus  infection  then  prevailing  in 
Geneva  with  an  ethereal  extract  prepared  by  his  brother.  Buchner,  in 
1826,  either  used  an  alcoholic  extract  or  the  oleoresin.22 

In  1879,  Perroncito  tried  the  direct  action  of  several  drugs  on  larvae 
of  Anhylostomum  and  Strongifhides,  and  found  that  the  ethereal 
extract  of  male  fern,  when  pure,  killed  them  in  less  than  ten  minutes.  He 
accordingly  began  to  treat  cases  of  ankylostomiasis  with  the  extract,  and 
the  results  proved  satisfactory.  2,  3^  6  These  were  soon  confirmed  by 
Parona^  who  reported  the  expulsion  of  1,250  ankylostomes  and 
permanent  disappearance  of  ova  from  the  feces. 

The  male  fern  treatment  followed  the  ankylostome  infection  in  its 
spread  over  Continental  Europe,  and  its  efficiency  was  rejjeatedly 
asserted.  Out  of  21,612  cases  treated  in  Westphalia  by  Bruns  the 
drug  failed  to  expel  all  the  parasites  in  only  TS  per  cent,  and  in  only  15 
to  30  per  cent  of  cases  was  it  necessary  to  give  a  second  dose.  The 
method  adopted  by  the  doctors  of  the  Knappschaftverein  in  Westphalia 
may  help  to  understand  the  nature  of  the  treatment  long  in  vogue 
in  most  of  the  coal  mines  in  Europe  i'  : — 

Monday — evening — 0'25  gramme  jalap-025  gramme  calomel. 
Tuesday — morning— 8  grammes  Extract    Male  Fern  with  20-30 
grammes  senna, 
evening — light  meal.  1 

Wednesday — morning — rest. 

evening— 0-25  gramme  jalap-0-25  gramme  calomel. 
Thursday— nwxnins, — 8  grammes  Extract  Jlale  Fern  with  20-30 
grammes  senna, 
evening — meal. 
Friday — morning — rest . 

evening — 0-25  gramme  jalap-0-25  gramme  calomel. 
*S'o/«/(/ff//— morning— 4  grammes    Extract    Male   Fern  with   20 
grammes  senna. 
evening — discharge. 
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In  mHiiy  casw  the  oxtract  of  male  ftMii  was  iissociatt-d  wiih  mu'  m- 
moro  (Inips,  whoso  presonco  imy  have  iMiiiatiteil  the  elfiiieiuv  ol  tho 
trojitiiipnt.  As  early  as  1880.  SoiKlerejigeir*  ooml)ine'l  mile  fern  and 
santonin.  .\  little  later.  Hermann  at  Mons.  .Malvnz  anil  |.,iml)inet  at 
Liege,  used  I  grammes e.xtrac-t  andSjjraniineschlorofDrm.'*  This  mixture 
touether  with  half  a  drop  of  croton  oil  eventually  befvime  proprietary  as 
"  I)uiiourrau"s  Tionifune  frauQiis.'"'"  Trousseau  and  Pidoux,®  and 
Xattan-I^rrier'"  combined yf^ix  mis  with  ether.  DeCosta  (191.J)'8  u^ed 
a  mixture  i>f  ethereal  oil  of  mile  fern  and  thymol,  of  eacii  2  to  l  grammes, 
santonin  1  <iecigranime,  calomel  6  to  8  decigrammes,  made  into  six 
bolus)\s  to  he  taken  fasting  at  intervals  of  ten  minutes  ;  the  dose  to  he 
re[)eate<l  next  day  ;  58  jier  cent  cures  were  obtained  with  one  treatment. 

The  male  fern  treatment  does  not  ajipear  to  have  found  much  favour 
outside  Eurojie.  Sandwith  (1887)**  of  Cairo,  had  nothing  but 
di.sap|>ointment.  Ashfonl  and  King  (1907)'- say  the  ethereal  extract 
g.ive  g(MMl  results  in  some  ca.ses  and  in  others  it  did  not.  Schiiffncr 
(1912)"  trcate<l  21  cases  with  10-12  grammes  of  extract  and  only  7 
worms  were  removed  out  of  a  total  of  1,2<50  hookworms.-"  Greisert 
(1913)"  is  of  opinion  that  male  fern  is  unreliable  for  use  in  the  tropics 
and  has  no  conspicuous  superiority  over  other  anthelmintics.  Patterson 
(1908),"  Moillet  and  Carrero  (19I(j)-i  found  the  drug  to  be  ineliicient 
in  the    treatment  of  hookworm  cases.* 

The  ethereal  e.xtract  of  male  fern  is  known  to  have  caused  .severe 
poisfining  in  man.  Poulsson''  ha.s  collected  u|)  to  the  year  1891,  16 
ca.Hcs  of  poisoning  by  male  fern.  Schultz''  reports  that  Sidler  Iluguenin 
(1898)  compiled  78  cases  of  poisoning  and  12  deaths,  Nieden  19  cases. 
Most  of  the  cases  of  poLsoning  recorded  have  been  the  result  of  exceeding 
the  admi.ssiblc  dose,  8  grammes,  or  repeating  the  unsuccessful  treatment 
on  the  following  day. 

CoMPO.SITION    ASD    PROPERTIES. 

Kxtract  of  male  fern  is  a  thick,  dark  green  oily  lii|uid  obtained  by 
exhaust ini;  with  ether  the  powdered  rhizome  of  .isjiuliinn  FiUr  Mas. 
Swart  z. 

The  composition  of  the  drug  has  been  the  subject  of  considerable 
study  and  many  are  the  sub:itancea  which  have  been  isolated,  but,  in 

•  Thr  mrdicinal  proprrtirgof  Male  Forn  do  not  aiipcar  to  havr  bi-cn  known  in  India 
although  the  plant  ia  mort  common  on  the  hilU    from  4,U00   to   10,000  fert  above  the 
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spite  of  all  the  work  done,  there  is  so  far  no  consensus  of  opinion  as  regards 
either  the  chemical  nature  of  the  different  constituents  or  their  respective 
therapeutic  values.  This  is  not  to  be  wondered  at  if  we  bear  in  mind 
that  the  active  principles  of  male  fern  readily  deteriorate  not  only  when 
isolated  as  such,  but  also  when  combined  as  in  the  crude  extract  and  even 
in  the  dried  rhizome  itself. 

For  the  purpose  of  this  investigation  only  two  of  the  active  principles 
of  male  fern — filicin  and  filmai on — need  be  taken  into  consideration. 

Filmaron  is  a  brownish  yellow  powder  melting  at  60°,  insoluble  in 
water,  difficultly  soluble  in  cold  alcohol,  but  very  soluble  in  other  general 
solvents.  This  compound,  considered  by  many  to  be  the  true 
anthelmintic  constituent  of  male  fern,  forms  about  5  per  cent  of  the 
extract.     Its  formula  is  C'47  V^  Oig. 

The  other  different  constituents  seem  to  be  largely  decomposition 
products  of  filmaron.  By  far  the  most  important  of  these  is  filicin  or 
filicic  acid,  which  constitutes  the  major  portion  of  the  sediment  the 
extract  deposits  on  standing.  It  occurs  both  in  an  inactive  crystalline 
form  and  an  amorphous  active  form  with  molecular  formula  Cn  Hje  Cg. 
Filicin  was  at  first  supposed  to  be  an  isobutyric  derivative  of  hydroxy- 
napthoquinone  ;  but,  as  under  the  influence  of  saponifying  agents,  it 
breaks  up  into  isobutyric  acid  and  phloroglucinol,  it  is  now  considered  to 
be  a  phloroglucine  derivative. 
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Experience  has  shown  the  extract  of  male  fern  to  be  a  tscniacide,  and 
experiments  have  proved  its  active  principles  to  be  both  neurotoxic  and 
myotoxic  poisons. 

In  man,  the  first  symptoms  of  poisoning  are  due  to  gastro-intestinal 
irritation,  which  causes  nausea,  vomiting  and  purging  ;  later  stupor  and 
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faintness  or  even  convulsions  may  develop,  while  canliac  weakness, 
disturbances  of  respiration,  yellow  vision,  amblyopia  and  sometimes 
pennanent  blindness  due  to  optic  atrophy,  may  also  result.  Death  is 
usuallv  prece«led  by  delirium  and  muscle  cramps. 

It  is  generally  admitteil  that  the  constituents  of  the  druji  are 
ab8orbe<l  with  extreme  difficulty  ;  but,  it  must  be  remendtered  that 
there  is  no  characteri.stic  reaction  for  male  fern. 

Anthelmintic  Value. 

The  three  samples  of  extract  we  used  were  obtained  from  different 
fources  and  at  different  times.  They  were  all  found  to  be  unadulterated 
an<i  their  phy.^ical  properties  agreed  with  those  given  by  the 
l*harmuco|Keia.  The  barium  hydroxide  method  showed  the  presence 
of  19,  "2 1,  'IT)  percent   "  Cnnle  filicin,"  respectively. 

Our  cases  were  all  healthy  adult  male  convicts.  The  extract  was 
thoroughly  shaken  with  gum  acacia  emulsion  and  given  in  two  portion.s  at 
an  hour's  interval  on  an  empty  stomach.  Epsom  salts  both  preceded  and 
followed  the  administration  of  the  drug.  No  food  was  allowed  until  the 
bowels  had  moved. 

The  total  hookworm  content  was  determined  in  our  usual  routine 
way,  G<t  grains  thymol  being  used  as  a  sub.sequent  treatment. 

\\  I  adopted  a  90  minims  dosage,  corresponding  to  the  fi  grammes 
recommended  by  Anierican  authors,  and  nearly  all  the  cases  bore  the 
treatment  well. 
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Table. 

Number  (if  hookirnrnis  removed  bi/  one  test  treatment  of  Ext.Filicis  Li(| 


^      The  following  results  were  recorded  : — 

1.  In  a  series  of  51  cases  treated,  38  hookworms  were  removed  out 
of  a  total  of  1,285.  The  worms  expelled  were  dead,  but  retained  their 
natural  shape. 

2.  No  ascarids  were  removed  tliough  round-worms  were  present 
in  14  cases  and  whipworms  in  eight. 

3.  No  tai)ewonns  were  passed  thougii  0  cases  were  infected  with 
them. 

Conclusions. 

1.  E.xtract  of  male  fem  is  a  mixture  in  which  the  several 
constituents  are  present  in  varying  proporticuis.  It  deteriorates 
readily  and  may  easily  be  adulterated. 

2.  Very  little  is  known  of  the  chemistry  and  pharmacology 
of  the  drug. 

3.  9t)  minims  is  the  admissible  dose. 

4.  Extract  of  male  fern  caunot  be  recommended  as  an 
anthelmiutic. 
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XII.     K0US80. 

History. 

Kousso,  the  dried  female  flowers  ol  Brayera  anthelmintico,  Kunth 
{=Hngerna  abyssinica,  Gmel.),  lia.s  long  been  used  as  a  t<x'niacide,  and 
although  dropped  from  the  United  States  Pharmacopoeia,  it  has  been 
introduced  into  the  National  Formulary  and  is  retained  in  the  British 
Pharmacopa?ia. 

In  1905  Calmette  and  Breton^  reported  that  Kousso  had  been  tried 
in  ankylostomiasis,  but  had  proved  inefficient.  This  is,  as  far  as  we 
know,  the  only  mention  of  the  drug  with  reference  to  the  treatment' 
of  hookworm  infection. 
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Composition  and  Properties. 

Various  compounds  have  been  obtained  from  extracts  of  Kousso 
flowers.  It  will  be  .suHiciont  to  mention  here  Kosin  and  Kosofoxin  which 
have  been  both  credited  with  the  physiological  properties  of  the  drug. 

Kosotoxin  is  an  amorphous  pale  yellow  powder,  melting  at  80", 
iiLsoluble  in  water,  but  .soluble  in  the  other  general  solvents.  Its  formula 
isC:aW34  0io.  When  boiled  with  barium  hydro.xide,  it  yiehls  kosin.  It 
wouhl  thus  appear  that  kosotoxin  is  the  parent  substance  of  the  various 
constituents  which  have  been  isolated  from  the  original  drug. 

Commercial  Kosin  e.s,sentially  consists  of  yellow  rhombic  crystals, 
which  melt  at  142°.  The  crystals  are  insoluble  in  water  but  easily  .soluble 
in  alcohol,  ether,  benzene,  glacial  acetic  acid,  and  in  alkalis.  IJy  repeated 
crv.stallization  from  alcohol  Boehm  and  Lobeck-  have  oi)tained  from 
kosin  two  compounds,  aJphnhosin — C22  Hgc  O7 — melting  at  l(Kt°,  and 
beliikosin — C23  H30  O7, — more  soluble  in  alcohol  and  melting  at  120°. 
When  treated  with  zinc  du.st  and  aqueous  sodium  hydro.xide  kosin  split,s 
into  isobutvric  aciil  aiul  the  tiKJiioini'tliyl  ether  of  metiiylpliioroghiiiiiol. 

O.CH3 

CHt 


OH 


MeTHVLOXVMETHYLPHLOROGLUCINOl 

K0U8S0,  then,  contains  substances  whicii,!ike  the  active  constituents 
of  tlie  various  ferns,  are  compounds  of  isobutvric  acid  with  members  (d 
the  phloroglucinol  series.  And  it  has  been  .shown  that  in  the  lower 
animal.",  kosotoxin  is  a  powerful  muscle  poi.son,  resembling  (ilicin. 

The  toxic  .symptoms  in  man  rarely  go  beyond  nausea  and  vomiting. 
The  drug  is.  however,  con.sidered  a  dangerous  one  in  Abyssinia,  and  is 
said  to  be  especially  so  in  the  case  of  pregnant  women,  causing  abortion 
and  killing  both  mother  and  cliilil.' 

Anthelmintic  Valle. 
Through  a  regrettable  oversight  the  whole  amount  ol  koii.-M'  m  "in 
possession  was  u.sed  before  the  percentage  of  ash  had  been  determined. 
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An  infusion  was  prepared  by  gradually  mixing  the  powder  with  8 
ounces  of  warm  water  and  allowing  the  mixture  to  stand  for  fifteen 
minutes.  It  was  then  stirred  and  administered  in  three  draughts  at 
intervals  of  half  an  hour.  A  purgative  was  only  given  to  those  cases 
whose  bowels  had  not  moved  within  four  hours  from  the  time  of  the 
administration  of  the  last  dose.  The  dosages  varied  from  2  to 
5|  drachms.     No  toxic  symirtoms  and  no  after  affects  were  noticed. 


Table  . 
Xuitibfr  of  hookworms  removed  bij  one  test  treatment  aj  Kousso. 
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The  following  results  were  recorded  :  — 

1.  One  case  who  had  received  ^  drachms  of  the  drug  passed  33 
hookworms  out  of  a  total  of  38.  The  removal  went  on  for  three  consecu- 
tive days,  on  which  16,  11,  and  6  worms  were  expelled,  respectively. 

2.  In  a  series  of  12  cases  treated  with  doses  varying  from  2  to 
b\  drachms,  only  2  hookworms  were  removed  out  of  a  total  of  86. 
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3.     Neither  rouiulworins    nor  wliip-wornis  were    removed    tlioiii"!! 
7  cases  were  founti  inferteil  witli  the  former  and  '2  willi  the  latter. 
Kousso  cannot,  therefore,  be  recommended  a^  an  anthelmintic. 
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Xlll.     KAMALA. 

History. 

Kamala  consists  of  the  minute  glands  an.)  hairs  which  cover  the 
cajisules  of  Mallotus  philippinensis,  Mue'l.  Arg.  (=^Rofllerntincloria 
Ro,\b.),  a  small,  evergreen  tree,  found  throughout  Tropical  India. 

In  most  European  and  American  works  it  is  stated  th;;t  Kamala  has 
long  been  used  in  India  in  the  treatment  of  tapeworm  ;  but  neither 
literature  nor  tradition  bear  this  out,  and  we  are  led  to  admit  that  it  was 
not  until  well  into  the  nineteenth  century  that  the  value  of  the  drug  as 
an  anthelmintic  was  recognised.  That  this  was  overrated  may  be 
gathered  from  the  difi'erent  opinions  held  by  medical  men,  as  well  as  from 
(     202     )' 
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the  fact  that  the  (Iran  was  soon  discanied  from  both  the  British  anil 
United  States  Pharmacopcoias  whicli  had  recognised  it  as  official. 

Speaking  of  kamaia.  Waring  (1874)'  says  :—  "  In  medicine,  the 
purplish  red  powder  has  attained  considerable  repute  as  u  remedy 
for  Taenia  or  tape-worm.  It  lias  little  or  no  effect  on  other  form  of 
intestinal  worms."  In  1912,  Tarapore*  foimd  that  an  old  .sample  of  the 
drug  cau.-^ed  the  removal  of  thread-worms,  round-worms,  and  hookworms. 
He  accordingly  tried  a  fresh  stock  which,  however,  proved  useless. 

CoMPOsrnoN  and  Properties. 

Kamaia  occurs  as  a  granular  brick-red  powder,  odourless  and  nearly 
tasteless.  It  is  insoluble  in  cold  water  and  but  very  slightly  soluble  in 
boiling  water  ;  bnt  alkaline  solutions,  alcohol,  and  ether  di.s.solve  a  large 
projwrtion  of  it  forming  a  deep  red  solution.  Commercial  varieties  are 
often  highly  adulterated  with  sand,  earthy  impurities,  red  liiick  dust, 
etc.  The  amount  of  impurity  is  usually  e.stimatcd  by  heating  to  redness 
and  weighing  the  residue.  A  good  specimen  ought  not  to  contain  more 
than  8  per  cent  of  mineral  matter. 

Numerous  chemists  have  investigated  kamaia,  and  not  less  than  six 
distinct  substances  have  been  isolated.  The  most  important  of  the.se  is 
rottleriH.  C33  F30  C9,  which  forms  salmon  coloured  plates  readily  soluble 
in  ethtr.  When  treated  with  barium  hydroxide  solution,  or  with  zino 
powder  and  sodium  hydroxide,  rottlerin  gives  the  mono-,  di-,  and 
tri-  methyl  ethers  of  phloroglncinol. 

V  O     CHg  0.   CH,  0.  CH, 
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Rottlerin  Is,  therefore,  a  derivative  of   phloroglucinol  and    somewhat 
related  to  filicin  of  male  fern  and  kosin  of  kousso. 

Semjei^  has  shown  that  kamaia  is  toxic  to  frogs.  tadpolf>.  and 
worms.  The  symptoms  produced  in  frogs  are  similar  to  thosi-  resulting 
from  the  action  of  substances  obtained  from  different  ferns,  the  paralvfing 
effect  on  motor  nerves  and  muscles  being  very  striking.  The  cathuitic 
actif>n  of  kamaia  is,  however,  peculiar.  In  full  do.ses  the  drug  is  luti  vely . 
or  even  violently,  purgative,  causing  in  many  cases  considerable  nausea 
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and  gri])ing.     Wlictlier  \\v  iiliarniacological  properties  of  kamala  reside 
in  rottlerin  alone  or  in  the  mixture  lias  not  yet  been  ascertained. 

According  to  Semper,  who  experimented  on  dogs,  kamala  and  its 
products  are  not  absorbed,  anotlicr  projjprty  which  M.iie  Fern  has  been 
credited  with. 

Anthelmintic  Value. 

The  sample  we  used  contained    3i  per  cent  of  impurity. 

The  drug  was  administered  in  dosages  ranging  from  1  to  2\  drachms 
given  in  one  portion  without  any  purge.  The  powder  was  swallowed 
down  with  the  help  of  water.  All  our  cases  bore  the  treatment  well,  but 
the  24  drachms  dosage  caused  violent  purging  and  was  not  repeated.  No 
after  efEects  were  noticed. 

T.VBLE. 

Xiinihrr  <if  honl-iriti-nis  iciiKircd  1,1/  one  test  Ireafmeid  of  Kamala. 
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The  results  showed    that  : — 

1.  In  a  series  of  7  cases  only  one  hookworm  was  removed  out  of 
a  total  of  407. 

2.  No  ascarids  were  removed  though  round-worms  were  present  in 
3  cases  and  whip-worms  in  5. 

Kamala  cannot,  therefore,  be  recommended  as  an  anthelmintic. 


./.  F.  Caius  (Old  A".  S.  Mhaskar.  JO'i 

REFERENCES. 

Waring.  E.  .1.      ..  ..   1874.     Bazaar  Modiiinng. 

Semper.  .A.  ..  ..    1910.     Arch.  f.  (xp.  Path.  n.  l'hnnH..>\3. 

Tarapore,  r.  K.  ..  ..    1912.     A    note    on    Aiikylostoma    Infcctmn    and 

AnkyloKtomiasis       in      the       Manrtalay 

Ontral  Jail. 


THE  CORRELATION  BETWEEN  THE  CHEMICAL 

COMPOSITION  OF  ANTHELMINTICS  AND 

THEIR  THERAPEUTIC  VALUES  IN 

CONNECTION  WITH  THE 

HOOKWORM  INQUIRY 

IN  THE  MADRAS 

PRESIDENCY. 


Rev.  Father  J.  F.  CAIUS,  s.j..  m.s.c.i.  (Paris), 
Professor,  Si.  Joseph's  ColIe(/e.  TrichinopoUj, 

AND 

Dr.  K.  S.  MHASKAR,  im.d.,  m.a.,    b.sc,   d.p.h.,  d.t.m.  &  h.. 
Officer  in  charge,  AnkyJostomiasis  liiqiiirii  in  the  Madnis  Presidenci/. 

[Received  for  publication,  February  1.  1921.] 

XIV.    PULVIS  AREC'yE. 
History. 

The  areca  or  betel-uut  palm — Areca  Catechu,  Linn — is  indigenous 
to  the  Sunda  Islands,  but  is  now  widely  cultivated  in  tropical  countries  of 
the  Far  East,  where  the  seeds  mixed  with  lime  and  betel  pepper — Piper 
Belle,  Linn — form  the  masticatory  so  well  known  by  the  name  of  Betel. 

In  China  and  India  the  ground  areca  nut  is  used  as  an  anthelmintic, 
and  its  supposed  efficacy  in  promoting  the  expulsion  of  both  the  tapeworm 
and  the  round-worm  in  the  human  subject  has  led  to  its  introduction  into 
the  British  Pharmacopoeia. 

Barclay,  who  appears  to  have  been  the  first  practitioner  who  called 

attention  to   the   remedial   value   of  the  areca  nut,  the  betel  nut  of 

commerce,    in    the   expulsion  of  tapeworm,  administered  it,  in  powder, 

in  doses  of  from  four  to  six  drachms,  stirred  up   with  milk.*     Powell^ 
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fouiul  betel  mit  and  Icavtvs'  juico  an  ellicieiit  aiUholmintic  t<i  tlic  cxtciit 
of  an  ounce  (ir  more. 

At  the  Hritisli  Medical  C'onj^re.ss  held  in  lUOd,  Manson  quoted  I'owoll 
as  saying  that  betel  nut  ehewinj;  is  possibly  a  protective  habit  in  the 
natives  of  Assam,  etc..  acquired  instinctively  in  consequence  of  its  prophy- 
lactic virtue  ajjainst  the  ankylostotniasis.'  However,  some  thirtv  vears 
before,  Waring  had  remarked:  VAnthelminfcic  virtues  have  been 
assigned  to  the  nut,  but  it  can  hardly  have  any  claim  to  this  character, 
as  amongst  the  Hindus  and  Burmese,  who  use  it  habitually  as  a 
masticatory,  intestinal  worms  are  almost  universally  met  with.'  * 

Bentley  (1904)^  treated  6  hookworm  infected  cases  with  piihus 
orec(F,  administered  in  two  half  ounce  doses,  and  found  the  drug  inferior 
to  both  thymol  and  betanaphthol  ;  but  no  results  are  rccordwl. 
Schiiflner  (I'jri)'  reports  having  treated  twenty  cases  with  Arera 
Catechu  in  30-40  grammes  doses  ;  only  8  worms  were  removetl  out  of 
a  total  content  of  751  hookworms. 

COMI'OSITION    AND    ProI'EKTIES. 

The  seeds  were  first  examined  by  Bombelon  (1880)-  who  isolated  a 
volatile  alkaloid  resembling  nicotine  which  lie  called  arekane.  Later 
Jahns  ^  ^  found  four  different  alkaloids  in  areca  nut  :  arecaiac,  to  the 
extent  of  about  01  per  cent  ;  arecoline,  007-0"  1  per  cent  :  nrecnidtnc,  and 
gitvacine.  in  smaller  quantities. 

CO  CH 


CH     CH,  CH, 


C.CO  0    CH, 


ARECAINE  ARECOLINE 

.\ccording  to  Jahns  rtrecaine  is  the  active  princi[ile  of  the  areca  nut, 
and  a  powerful  tasniacide.  Other  authors  believe  arecnlne  pliysii - 
logically  inactive,  and  consider  the  medicinal  properties  of  the  nut 
are  due  to  arecoline.  Arecoline  ki/drohromide  is  recognise<)  in  several 
pharmacopoeias  of  Continental  Europe.  It  is  a  highly  toxic  substance 
used  as  a  sialogogue  and  diaphoretic,  and  said  to  be  anthelmintic. 
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Arera  nut  is  also  considftrod  to  be  a  powerful  astringent  which,  by 
its  internal  use,  tends  to  counteract  the  relaxation  of  bowels  to  which 
the  heat  of  a  tropical  climate  so  strongly  predisposes.'" 

Anthelmintic  Value. 

The  nuts  were  cut  into  small  bits  and  dried  in  the  open,  but  in  the 
shade.  On  grinding  we  obtained  a  brown  coloured  powder  which  we 
administered  in  one  single  portion,  early  in  the  morning,  without  any 
previous  preparation  of  the  patient.  It  was  found  that  a  6  drachms 
dosage  caused  griping  and  pain,  and  four  liquid  motions.  The  dosage 
was,  therefore,  limited  to  4  drachms  which  produced  no  symptoms  and 
were  followed  by  one  to  three  free  semi-solid  stools. 

As  no  worms  were  passed  with  the  powdered  dry  nut,  we  treated 
four  cases  with  4  drachms  of  powdered  fresh  nut.  Irritation  of  the 
intestinal  tract  was  marked  by  three  to  seven  very  watery  stools,  the 
effect  of  the  treatment^being  still  noticeable  the  day  after.  However, 
no  after  effects  were  noticed. 

Table 
Number  of  hookworms  removed  by  one  test  treatment  oj  Pulvis  Arecse. 


i. 

Hookworms 

KEMQVED. 

Percentage  or 
Hookworms 

REMOVED 
WJTH    A    TEST 

J 

Treat  mont. 

* 

3 

TREATMENT. 

i: 

3 

C 
1 

■E 
p. 

< 

3 

s 
z 

—          3 
!«            C 

c        « 

3    *    C 
~          5 

<    z 

1 

2 

■5 
< 

S 

c 

§ 

■u 

S 
Z 

-a  c  fe 
o  a  a 

-o      " 

<     2: 

1 

Dry  areca  nut 
powder  4  drachnu 

1 
'        1 

Test  treatment 
■iubsequent  treatments 

Total  hookworms     . . 

0 

n 

0 
124 

0 
133 

00 

00 

00 

9 

124 

133 

■2 

Do.     6  drachms.. 

^'       1 

Test  treatment 
Subsequent  treatments 

Total  hookworms     . . 

n 
n 

0 

n 

n 

9 

00 

00 

00 

n 

9 

9 

31 

Fresh     areca      nut 
powder,  4  draehmi- 

i 

Test  treatment 
Subsequent  treatments 

Total  hookworms     . . 

n 
n 

n 

99 

0 
99 

n-0 

n-o 

00 

n 

99 

99 

.7.  F.  Caius  and  K.  ^.  Mhnslnr. 


200 


Our  notes  show  that  : — 

1.  In  a  series  of  10  cases  no  hookworm  was  remnvofl  tho\iph 
subsequent  treatments  showed  the  presence  of  2:VJ  necators  and 
9  ankvlostomes. 

2.  Two  cases  were  found  infected  with  round -worms  and  two  with 
whip- worms,  but  no  worm  was  expelled  by  the  areca  nut  treatment. 

Pulvis  arecfE  cannot,  therefore,  be  recommended  as  an  anthelmintic. 


'.     BESTLETand  Tbimev 

'.      BOMBELON.  E. 


Jahss.  E. 
Watt.  G. 


Jahxs,  E. 
Powell,  A. 


Bemley.  C.  a. 


'.     Schuffneb.  W. 


REFERENCES. 

1880.     Medicinal  Plants. 

1886.  An  alkaloid  in  Brtlpniil.  Lon'ton  M(d. 
Record,  April. 

1888.  Ber.d.Chfm.Oe9.2\. 

1889.  A  Dictionary  of  the  Economic  Products  of 

India. 
1 891 .     Ber.  d.  Chfm.  (les.,  21. 
1898.     Prevalence  of  certain  intestinal  parasites  m 

India.      Ind.  Mrd.  O'azrltr,  December. 
1900.      flri7i>A  J/frf.  J/.,  Sept.  I> 
1904.       Some    notes     on     ankylostomiasis.       Itid. 

Med.  Gaz.,  April. 

1912.  Der  Wert  einiger  Vermifuga  gegen  ijber 
dem  Ankylostomum  mil  Bemerkungen 
iiber  die  Wurmkrankeit  in 

Niederliindische  Indian.     Arcli.f.  tichijj' 
II.  Trap.  Hyg.,  November. 
1918.     United  States  Dispensatory. 


A  BACTERIOLOGICAL  INVESTIGATION  OF 
INFLUENZA. 

Part  II. 

TARRIED  OUT  UNDER  THE  INDIAN  RESEARCH 
FUND  ASSOCIATION. 


Captain  R.  H.  MALONE,  m.d.,  i.m.s. 

[Received  for  publication,  February  1,  1921.] 
l-nfluema  in  Bomhai/,  Juh/  1919  (o  June  1920. 

When  the  investigation  commenced  in  Bombay  the  city  had 
already,  in  1918,  passed  through  two  epidemics  of  influenza.  The  third 
commenced  in  May  1919,  reached  its  height  in  June  and  July  and  then 
gradually  declined,  so  that  by  the  end  of  October  it  had  practically  come 
to  an  end  as  far  as  Bombay  city  was  concerned. 

From  the  outset  the  disease  was  of  a  milder  type  than  in  the 
previous  epidemics  and  milder  too  than  in  the  Calcutta  epidemic  earlier 
in  the  same  year. 

The  cases  examined  in  Bombay  were  those  diagnosed  as  influenza, 
bronchitis,  broncho-pneumonia  and  lobar  pneumonia  at  the  J.  J.  Hospital 
and  at  the  Labour  Corps  War  Hospital,  Dadar.  In  the  former  hospital 
the  patients  usually  arrived  during  the  second  week  of  the  disease,  whilst, 
in  the  latter,  I  was  able  to  observe  many  cases  from  the  very  onset  of  the 
attack.  In  this  hospital  the  patients  were  all  men  of  the  Labour  Corps 
coming  from  Mesopotamia  and  Burmah  as  well  as  from  various  parts  of 
India.  There  is  no  doubt  that  the  majority  of  the  Mesopotamia  cases 
had  developed  the  disease  before  arri^dng  in  Bombay  (i.e.,  either  in 
Basrah,  or  on  board  a  transport),  and  the  same  may  be  said  of  batches 
of  men  admitted  to  the  Labour  Corps  Depot  from  Jubbulpore. 

The  clmical  picture  presented  by  the  disease  among  the  patients  at 
both  those  hospitals  was  similar  to  that  noted  in  Calcutta  and  described 
clsewhere.(l) 
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It  was  reiuarkwl,  liowever,  that  diarrlioea  ami  mi>iun>;oiil  syniptoius 
were  wry  rare.  The  respiratory  affection  gave  rise,  in  general,  to  tlie 
same  signs  and  symptoms  as  were  observed  in  Calcutta,  but  the 
prostration  and  toxic  appearance  of  the  patients  were  less  markwl. 

Meningeal  symptoms,  apsirt  from  drowsiness  ami  apathv,  were  so 
infrequent  that  on  one  occasion  only  was  1  asked  to  examine  a  specimen 
of  cerebro-spinal  fluid  and  this  was  proved  to  contain  the  meningococcus. 
The  mortality  hen'  was  comiiaratively  low  (about  1(1  ])ei  cent),  oidv  one 
quarter  of  what  it  was  in  the  Campbell  Hospital,  Calcutta,  durimr  the 
epidemic  of  the  early  i^art  of  1919. 

While  the  presence  of  an  epidemic  of  inlhienza  is  readilv  recognised, 
the  diagnosis  of  individual  cases  of  influenza  is  often  a  matter  of  doubt. 
At  the  beginning  and  to  a  less  extent  at  the  end  of  the  epidemic 
cases  were  diagnosed  acute  bronchitis,  broncho-pneumonia  or  lobar 
pneumonia  which,  during  the  height  of  the  epidemic,  would  have  been 
labelled  influenzii. 

The  physician  in  charge  of  one  ward  might  diagnose  certain  cases  as 
acute  bronchitis  or  broncho-pneumonia,  wliile  the  physician  in  another 
ward  would  consider  other  similar  cases  to  be  influenza,  the  difference 
being  largely  due  to  the  indi\nduar3  conception  of  influenza.  As  the 
epidemic  declaretl  itself  a  change  in  mental  attitude  would  result  in  nil 
such  cases  being  recorded  as  influenza. 

In  one  in.stitution  (in  Calcutta)  the  reason  for  a  large  increase  of 
admissions  to  hospital  for  supposed  dengue  fever  only  became  obvious 
when,  in  the  course  of  another  week,  the  already  existing  influenzi 
became  manifest  in  epidemic  form. 

The  attitude  adoptetl  here,  as  in  the  previous  rep«»rt,  li.is  been 
to  consider  all  cases  diagno.sed  as  influenza,  bronchitis,  broncho- 
pneumonia and  lobar  pneumonia  (not  due  to  pneumococcus)  occurring 
during    the  epidemic  as  influenza. 

B.VCTERIOLOOKAL    Ex.VMI.NATIOX  OF  SmTCM. 

The  examination  of  sputum  and  pharvngeal  swabs  was  carried  out 
on  the  lines  previously  ado|)tod. 

One  per  cent  heated  pigeon  blood  agar  and  2  per  cent  unlieateil 
rabbit  or  human  blowl  agar  (PH  72  to  71)  were  used  for  isolating  the 
organisms  and  each  specimen  planted  on  both  mediji. 

During  the  mon.soon  months  in  Bombay  great  ilitHcidty  was 
experienced  in  keeping  Petri  dishes  containing    blood-agar  sterile   for 


212 


Bacteriological  Investigation  of  Influenza. 


more  than  a  day  or  two  at  a  time,  and  so  the  ordinary  plating  method 
was  discarded  in  favour  of  the  platinum  loop  method  described  by  Liston 
and  Goii  for  the  examination  of  faeces,  in  which  agar  slopes  are  used 
instead  of  Petri  dishes. (2) 

The  blood  agar  slopes  could  be  prepared  in  large  numbers  and 
stored  in  the  ice  box  for  several  weeks  with  little  fear  of  contamination, 
and  with  proper  trituration  and  dilution  of  the  samples  of  sputum 
discrete  colonies  could  be  obtained  as  readily  as  on  plates. 

The  method  of   '  plating '    sputa  was  as  follows  : — 

A  suitable  fragment  of  sputum  is  taken  up  in  a  platinum  loop  ol 
about  5  millimetres  diameter,  thoroughly  triturated  in  1  c.c  of  saline, 
and  from  this  suspension  dilutions  approximately  10-fold,  100-fold  and 
1000-fold  are  made  by  means  of  the  loop.  One  loopful  of  each  of  the 
three  dilutions  is  smeared  over  the  surface  of  a  perjectly  dry  blood-agar 
slope.  Usually  the  second  tube  of  the  series  will  give  discrete  colonies  ; 
with  sputa  very  poor  and  very  rich  in  bacterial  content  the  first  and  the 
third  tubes,  respectively,  will  give  the  desired  result. 

The  results  of  the  examination  of  sputum  and  pharyngeal  secretion 
are  shown  in  Tables  I  to  V. 

Table  I. 
Results  of  (he  exa  mi  tuition  oj  sat»ples  oj  sputum  jrom  influenza  patients 

collected  during  the  year  July  I,  1919  to  June  30,  1920. 


Isolated  on  1% 
heated  pigeon  • 
blood  agar. 

Isolated  on  2% 
unheated  rabbit 
or  human  bhiod 
agar. 


Pfeitfer's  bacillus 
Catarrhalis  group 
Diphtheroids 
Staphylococcus  aureus 

Streptococcus  (non -hemolytic) 
Pneumococcus 
Streptococcus  (ha?molytic) 


243 
•243 
243 
243 


220 
220 


No.   of 

times  each 

organism 

was  isolated. 


16(j-bi>% 
102-42% 
95-39% 
07-2S% 

197-90% 

ISl-GO^o 

19-  9% 


Notti. — (1)  220  specimens  were  planted  on  1  per  cent  heated  pigeon  blood  agar  as  well 
as  upon  2  per  cent  unheated  rabbit  blood  agar,  while  23  specimens  were 
planted  on  the  former  medium  only.  The  heated  blood  medium  is  not 
suitable  for  pneumococcus  and  streptococcus  on  account  of  the  impossibility 
of  detecting  haemolysis  and  pigmentation,  but  is  a  splendid  medium  for 
Pfeiffer's  bacillus. 
(2)  In  this,  as  in  the  other  tables,  it  is  to  be  noted  that  only  one  specimen 
was  taken  from  each  patient  or  healthy  person. 
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Taule  11. 


Shotciitg  the  presfiicf  oj  PJeiJffer's  bacillus,  pneutiwcoccus  diiil  sliv/ttixrHriis  [iKiiilidmitiifiir) 
ill  Iht  sputitui  iij  influenza  i)atioi\ts  fit  different  iierimh  (liniiii/  mid  njlrr  the  epidimn 


Dote. 

Pfeiffeb's 

BACILLI'S. 

STREPTOloCCt'S   (SOS- 
H.EMOLYTIC). 

I'.NRI'MOCOCI'US. 

Xo.    of 

No.   of 

N...    of 

Xo.  of 

Xo.    of 

No.    of 

specimens 

times 

Specimens 

times 

sperilneliK 

times 

examined. 

i8olate<l. 

examined. 

isolated. 

examined. 

isolated. 

I 

July        1919  .. 

44 

33-75% 

40 

3«-90»'„ 

40 

22-5r.% 

UuriiiK  the  J 

August         ,.    . . 

42 

32-70% 

40 

38-95% 

40 

20-.'>0% 

rpMemic.    J 

September,,    .. 

as 

2S-74% 

:to 

34-94°/;, 

:<t> 

19-.W>., 

I 

October        ..    .. 
T.>T.*L      .. 

29 

2CMi9% 
113-74% 

-•'' 

21-84% 

-'' 

15-60% 

153 

141 

129-91o/„ 

141 

'*■»-'«% 

Noveiub.>r  1919 

lU 

10-«3% 

14 

12-80% 

14 

10-71% 

December      .... 

18 

ll-4il% 

10 

14-88% 

16 

12  7.',",, 

■Janunrv  1920. . 

14 

8-60% 

12 

10-8:{"o 

12 

9  '■<"„ 

Afur     tht- 

February     ..    . . 

12 

7--i8% 

11 

10-91  »,„ 

II 

s  7:i",, 

fpidcmic. 

Mareli           .,   .. 

12 

7-.18<'i 

10 

S-Stfo 

10 

7-7(."., 

April 

8 

4-50°i 

0-8(>% 

7 

•»-•"''".. 

-May 

(• 

4-06% 

5 

4-80% 

.'> 

:t-<Mp"„ 

ToT.tL     .  . 

4 

2-.W% 
53-5!l0{, 

4 

4-100% 

4 

2-50"„ 

9U 

79 

OS-86% 

79 

55-70^;, 

T.^BLE    III. 

Showing  the  presence  oj  Pfeijffer's  bacilhiit.  pneuiiionxeu.s  mid  stieplixoeetr: 
(non-h(Pmolytic)  in  the  throats  oj  healthy  jktsoiis  dinin;/  and  ajlei  the 
epideni  ir. 


.\.>.   UK  TIMKS   KAlll  11 

llliAM^.« 

Where  obtained. 

No.  of 

swabs 

examined. 

Was  isolatku. 

Penod  dunn)!  which 
the  swabs  were  taken. 

PfeifTers 

Pneumo- 

Strepto- 
eoeeus 

becillug. 

coccus. 

(non-hie 
inolytie). 

During  the  epidemic '*• 

( 

(August  1919)          1 

Labour  Corps    J 

83 

14-17% 

39-47% 

70-8^  Hi. 

After     the  epidemic! 

Dei  ot.  Dadar    | 

78 

21-27% 

61  -78% 

(April   1920)              j 

I 

During  the  epidemic  1 
(September  1919)     [ 

Bombay     Bac-  t 
t«-riolopieal     1 

."i.'i 

11-20% 

28-51% 

48  87% 

After  the  epidemic     | 
(.Mav  1920)                J 

Laboratory         | 

.'HI 

4-  8% 

15-30"o 

42-84% 

After    the    enidemic 

H.  .M.  Common 

(June  1920) 

Prison,  Bonibaj 

CAt 

5-  8% 

25-12% 

60-«.3^;, 
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Table  IV. 

.1  comparison  oj  the  occurrence  of  PJeiJJer's  bacillus,  jmeumococcns  and 
streptococcus  in  the  sputum  oj  influenza  pati(>nts  and  the  nnso-jiharyn- 
geal  secretion  of  healtliy  persons  during  and  ujler  the  epidemic. 


IxFr,UEXZA    PATIENTS. 


No.  of  cases 
examined. 


I'FEIFFERS    BACILLUS- - 

During  the  epiilemic  (<() 
After  the  epidemic      {b) 

Pneumococcus^ 

During  the  epidemic   («) 
After  the  epidemic       (h) 

Streptococcus — 
(non-ticemoh/lic)  : 
During  the  epidemic   (a) 
After  the  epidemic       (h) 


113-74%, 
r)3-59% 

7li-o4% 
55-70% 


129-91% 
(>8-86% 


Healthy  persons. 


No.  oi  cases 
examined. 


organism 
was  isolated. 


138 

188 


138 

188 


138 

ISS 


25-18% 
15-  8% 

07-48% 
01-32% 


118-85% 
153-81% 


(«)  Influenza  patients  examined 
Healthy  persons  examined 

(b)  Influenza  patients  examined 
Healthy  persons  examined 


July  to  October  1919. 
August  and  September  1919. 
November  1919  to  June  1920. 
April  to  June  1920. 


Reference  to  Table  I  shows  that  in  Bombay  the  predominating 
organif3ms  in  the  sputum  of  influenza  patients  have  been  Pfeiffer's 
bacillus,  pneuraococcus  and  non-hoemolytic  streptococcus. 

Pfeiflter's  bacillus  and  streptococcus  have  been  about  as  prevalent 
in  the  Bombay  epidemic  as  in  the  Calcutta  epidemic  of  1918-19. 
Pneumococcus,  however,  does  not  seem  to  have  been  so  closely 
associated  with  influenza  in  the  former  city  as  in  the  latter,  and  this  is 
borne  out  by  the  results  of  the  bacteriological  examination  of  the  lungs 
and  accessory  respiratory  sinuses  post-mortem. 

In  Table  II  the  results  of  the  bacteriological  examination  of  the 
sputa  of  influenza  patients  are  shown  month  by  month.     Unfortunately 
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the  mimluT  of  spocimons  oxaniim^l  after  Xovcmber  191'.)  has  been 
rather  small,  owing  to  the  decline  of  the  epidemic.  It  will,  however,  in- 
seen  that  there  was  a  di.stinct  droj)  in  the  incidence  of  Pfeiffer's 
bacillus  after  the  epidemic  was  over.  The  streptococcus  incidence 
remained  practically  the  same  throughout  the  vcar  and  appeared  to  lie 
indeiiendent  of  the  presence  of  inlluen/,;).  Pneumococcus  showetl  arise 
between  November  and  Murch  and  tlien  a  period  o' decline. 
A  possible  exjilanation  of  these  findings  is  as  follows  : 

(1)  PfeifYer's  bacillus  had  a  direct  connexion  with  influenzji  in 
Bombay,  while  the  presence  of  non-hsemolytic  streptococcus  was  more 
or  le.ss  accidental. 

(2)  Pneumococcus,  though  an  important  secondary  invader  and  a 
potent  cause  of  death,  was  probably  not  such  an  important  factor  in  the 
influenza  of  Bombay  as  it  was  in  Karachi,  1918,  and  in  Calcutta.  1919. 
The  rise  during  November  to  March  may  have  been  a  seasonal  one,  as 
this  is  the  time  of  the  year  (the  cold  season)  when  lobar  pneumonia  is 
most  prevalent  in  Bouib^iy  ^^  i"  many  other  parts  of  India. 

Tables  III  and  IV  bring  out  several  iniportant  [joints  : 

(1)  More  than  twice  as  many  healthy  persons  harboured  Pfeitler's 
bacillus  in  thoir  throats  during  the  epidemic  than  after  it  had  sub- 
sided. 

(2)  Pfeifler's  bacillus  was  found  more  than  four  times  as  frequently 
in  the  throats  of  influenza  patients  as  in  healthy  persons,  while  there 
was  no  .such  marked  difTerence  in  the  case  of  pneunv^coccus  and  non- 
hremolj-tic  streptococcus. 

(.'})  Non-hacmolytic  streptococcus  was  equally  present  in  influenza 
patients  and  in  healthy  persons  during  and  after  the  epidemic. 

(4)  Pneumococcus  was  more  prevalent  in  healthy  persons  during  the 
epidemic  than  after. 

The.se  results  are  taken  as  additional  evidence  of  the  essential 
connexion  of  Pfeiffer's  bacillus  and  the  accidental  connexion  of  non- 
ha^moK'tic  streptococcus  with  the  influenza  epidemic  in  Bombay. 

Aswasnotc<l  in  the  introductory  section  of  this  report,  many  of  the 
patients  at  the  Dadar  I>abour  Corps  Hospital  were  obscr\-c<l  from  the 
on.set  o'  their  attack.  Some  of  those  were  mild  cases  and  sufTennl 
nothing  beyond  a  transient  catarrh,  conjunctivitis,  aching  pains  and  fever 
for  three  or  four  days;  others  developed  bronchitis  and  broncho- 
pnenmonia.  A  routineexamination  of  the  sputum  or  pharyngeal  secretion 
of  these  jjatients  was  carried  out  and  the  results  shown  in  Table  V. 
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Table  V. 

Results  of  the  examination  of  sputum  or  pharyngeal  secretion,  of 
itifluenza  patients  (mild  and  severe  cases)  at  the  Dailar  Labour  Corps 
Hospital,  July  to  September  1920. 


A 

B 

Cases  of  ■"  catarrh  "   and  trassiext 

fever  without  bronchitis  or 

pneumonia. 

Cases  of  "  catarrh  "  followed  by 
bronchitis  and,'  or  pneumonia. 

No.  of  specimens  examined,  48. 

No.  of  specimens  examined,  38. 

Pfeiffers  bacillus                . .      38  —  79% 
Pneumococciis                    ..      21  —  44% 
5itiei>tococcus                       ..      41   —   85% 

20  —  68% 
27  -  71% 

34  —  sy% 

It  will  be  seen  : — 

(1)  That  Pfeiffer's  bacillus  was  isolated  somewhat  more  frequently 
from  the  mild  cases  than  from  the  severe  cases,  although  the  difference  is 
not  striking.  This,  I  believe,  may  be  explained  in  the  light  of  the  results 
of  the  post-mortem  examination  of  the  lungs  and  accessory  respiratory 
sinuses  (q.  v).  Pfeiffer's  bacillus  tends  to  be  out-grown  by  hardier 
organisms,  and  seems  to  seek  the  remoter  portions  of  the  respiratory 
tract.  It  is  common  enough  to  find  this  organism  in  pure  or  almost  pure 
cultui*  in  the  dToplets  of  pus  which  exude  from  the  cut  ends  of  the  fine 
bronchioles  and  in  the  pus  of  the  accessory  sinuses,  when  scrapings  from 
the  trachea  or  bronchi  may  show  Pfeiffer's  bacillus  in  small  number 
and  other  organisms  (e.g.,  streptococcus,  catarrhalis  group,  etc.)  in 
abundance. 

(2)  That  non-haemolytic  streptococci  are  equally  present  in  mild 
and  severe  cases. 

(3)  That  pneumococcus  shows  a  striking  preilominance  in  the 
severe  cases. 

An  interesting  feature  was  the  appearance  of  a  pleomorphic 
non-hsemolytic  streptococcus  which  was  not  noticed  in  the  bacterial  flora 
uf  the  sputa  examined  until  the  arrival  of  the  Basrah  cases  at  Dadar. 
The  colonies  of  this  organism  seemed  to  be  identical  in  appearance  with 
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those  of  the  ordinary  noii-ha>molytic  streptococci  of  the  respinitory  tract. 
The  organisms  themselves,  however,  were  extremely  pleomorphic,  growing 
in  short  chains  or  pairs  in  broth.  The  individual  cocci  varied  greatly  in 
shape  and  size,  often  diphtheroid  in  appearance,  carrot-shaped  or  wider 
in  the  middle  than  at  the  ends,  and  those  oddly  shaped  organisms  often 
occurred  in  the  same  chain  along  with  cocci  of  normal  ajjpeanince.  Six 
such  strains  were  tested  and  found  to  have  the  following  characters  :  (1) 
very  pathogenic  for  mice  ;  (2)  insoluble  in  bile  ;  (3)  capable  of  fermenting 
glucose  but  not  mannite  and  of  acidifying  and  clotting  milk. 

Although  it  is  improbable  that  this  organism  plays  an  important 
jkirt  in  influenza,  yet  its  presence  in  a  series  of  cases  from.one  area  opens 
up  a  field  for  speculation. 

Discussion. — It  is  remarkable  that  Pfeiffer's  bacillus  was  found  so 
frequently  in  some  localities  and  in  some  epidemics,  while  at  other 
times  and  in  other  places  trained  bacteriologists  confessed  their  failure  to 
isolate  this  elusive  organism. 

I  am  inclineil  to  believe  that  the  use  of  improper  culture  media  must 
have  been  the  cause  of  failure  in  many  instances.  In  mv  own  case  it  was 
the  cause  of  failure  when  the  investigation  was  commence<l  in  1919,  and 
I  have  no  doubt  that  other  workers  encountered  difficulties  similar  to 
mine. 

This  organism  was  frequently  found  in  Calcutta,  as  soon  as  experience 
had  taught  proper  methods  of  isolating  it.  In  Bombay  it  was  more 
often  encountered  in  the  sputum  of  influenza  patients  and  in  the 
pharyngeal  secretion  of  healthy  persons  during  the  height  of  the  epidemic 
than  at  its  terminati(jn. 

The  pleomorphic  streptococcus  noticed  in  the  Bisrah  patients  was 
not  recognised  in  either  Bombay  or  Calcutta  patients  but  may  |)ossil)ly 
have  been  of  common  occurrence  in  the  influenza  of  Mesopotamia. 

A  non-ha;molytic  streptococcus  has  been  found  in  practically  every 
ca.se  in  Bombay  and  was  apparently  as  common  in  healthy  persons 
and  influenza  patients  at  the  end  of  the  epidemic  as  it  was  at  the 
beginning.  It  is  thus  considered  to  have  little  conne  ion  with  the 
influenza   epidemic. 

Pneumococcus  was  not  as  common  in  Bombay  as  it  was  in  Calcutta 
and  was  more  prevalent  during  the  period  November  to  .March  (the  cold 
season)  than  at  the  height  of  the  epidemic.  The  comparatively 
infrequent  occurrence  of  this  organism  may  b<'  an  eX|jliination  of  the 
mildness  of  the  Bombay  epidemic. 
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From  the  evidence  it  seems  not  improbable  that  the  '  secondary 
invaders  '  of  the  respiratory  tract  of  persons  suffering  from  influenza 
will  vary  with  the  locality  in  which  an  epidemic  occurs,  with  the  parti- 
cular phase  of  the  epidemic  and  with  its  recrudescences  from  time  to 

time. 

As  far  as  the  epidemics  investigated  in  India  in  1919  are  concerned, 
the  organisms  which  have  played  the  most  prominent  part  have  been  • 
Pfeiffer's  bacillus  and  pneumococcus. 

Bacteriological  Examination  of  Blood. 

Blood  cultures  hejore  death. 

Pneumococcus  only  . .  . .  . .  4 

No  organisms  . .  . .  . .  31 

Contaminated  . .  . .  . .  2 

37 

Blood  cultures  within  four  hours  ajter  death. 

Pneumococcus  only  . .  . .  . .       5 

Pneumococcus  and  non-hsemolytic  streptococcus  4 

Pfeiffer's  bacillus,  mixed  with  other  organisms 

(not  determined)  .  .  . .  .  .       1 

Mixed  cultures  containing  pneumococcus.  non- 
ha3molytic  streptococcus,  and  other  organisms 
(not  determined)  . .  . .  . .       3 

No  organisms  . .  . .  . .     14 

27 

Post-mortem  Examinations. 
Accessory  respiratory  sinuses. — The  naked  eye  and  microscopic  post- 
mortem appearances  of  the  various  organs  of  influenza  patients  have 
been  described  by  many  workers.  There  is  one  condition,  however, 
which  does  not  appear  to  have  been  sufficiently  dealt  with,  viz.,  the 
presence  of  pus  in  the  accessory  respiratory  sinuses  and  middle  ears. 
Greig  and  Maitra(3)  pointed  out  the  importance  of  this  observation, 
but  few  others  seemed  to  have  laid  any  stress  on  this  condition.  It  was 
an  extremely  common  finding  in  influenza  and  comparatively  rare  in 
other  respiratory  disease-s  occurring  during  the  epidemic  (sje  Table  VIII) ; 
it  is  of  significance  too  that  the  pus  almo.st  always  contained  an 
abundance  of  Pfeiffer's  bacillus. 
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Pus  in  tht' inii>Miiy  ii'spiratory  siiiusf.-  assncintod  with  the  jirfsfiu'P 
iif  Pfi'i(T<'r"s  bacillus  is  an  inqwrtant  point  in  tlic  diujinnsis  of  intlucnzii. 

The  anutunt  of  pus  varies  considerably  as  does  its  appearance.  In 
nmny  cases.  esjM'ciaily  in  the  sphenoidal  .sinuses,  two  or  more  c.c.  of  pus 
can  be  obtained  :  in  othei-s  the  linini;  membrane  may  be  onlv  moisteneil 
and  the  pus  must  be  .scraped  away  with  a  platinum  looj).  Sometimes  it  is 
greenish  ii\  colour,  at  other  times  hicmorriiafjic,  the  lininfj  membnine 
being  usually  bliMid-.stained.  In  no  ca.se  was  there  any  inflammation  of 
the  dura  mater  or  necrosis  of  the  underlying  bone. 

Tables  VI,  VII  and  VIII  give  the  results  of  the  bacteriological 
examination  of  the  sinuses  in  32  cases  of  influenza,  and  in  30  cases  of 
other  respiratory  disea.ses. 

The  bacterial  flora  in  the  sinuses  of  the  influenza  cases  here  differed 
somewhat  from  that  of  the  Calcutta  cases.  In  Bombay  non-lia?niolytic 
streptococci  and  membei's  of  the  catarrhalis  group  occurred  a.s.sociatcd 
with  Ffeiffer's  bacillus  in  comparatively  large  number,  while  in  Calcutta 
pneumococcus  and  Pfeilier's  bacillus  were  always  present  to  the  almost 
total  exclusion  of  other  organisms. 
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Tablk  VI 1. 
Suiiwiarif  of  Tiililr  VI . 

No.    OF  POST-MORTEM    EXAMINATIONS    MAPR 
Pus  in  one  or  more  of  the  sinuses    32      I'feitTrr's  tmcillus 
I'nt'umoeincus 

StrepliH-.ui-iis 
CiitHrrlmlis  nri'n|. 


Sinuses. 

Pus 
present. 

30 

Pus 
examined 
bacterio- 
logically. 

20 

Pfeiffer'a 
bacillus. 

Pneumo- 

C0CCU8. 

:Strepto- 
coccus. 

Catarrh- 
alis  Rroup 

Sphenoidal 

2.1 

2. 

12 

r> 

Ethmoidal 

27 

2fi 

21 

14 

12 

7 

•  FronUl 

24 

21 

18 

12 

8 

6 

Middle  Ear 

lo 

l.i 

14 

10 

7 

5 

•  In  one  case  the  frontal  sinuses  were  not  opened. 

Sotu. — Out  of  39  ca.ses  examined  the  sinuses  were  found  to  be  unaffi-rled  in 
seven  only. 

The  sphenoidal  sinuses  were  the  rao,st  and  the  middle  ears  the  least  frequently 
a fleeted. 

It  was  usual  for  the  majority  of  the  sinuses  to  contain  pus,  but  in  one  rnse 
the  frontal,  and  in  another  case  the  sphenoidal,   were  the  only  sinufes  afTcctrd. 

The  purulent  effusion  was  blood  stained  in  19  nut  of  the  32  rase-s. 

Tahij;  VIII. 


Bacleriolofjicfil  examination  of  the  arressor/f  rexpirdlori/  sinuses  ui 
rrspinilorif  diseases  other  than   inftwnzfi. 


Af.CESaORV    IlESPIBATllKY 
SINUSES. 

Pfeiffers 
bacillus. 

Pnoumococcus. 

[^>BAK    PnEUMOSU. 

2 

3           . 

+ 

+ 
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TAJiLK   \\n.—r„i,li}. 


Accessory  hesi'ibatoky 

SINUSES. 

PU!-. 

Pfeiders 

b.icillus. 

Pneumoooccus- 

LoBAB  Pneumonia. 
i       .. 

5 
6 

7 

8  . 

9  . 

+ 

- 

+ 

+ 

_ 

+ 

10       . 

— 

— 

— 

11 

— 

— 

— 

12 

— 

— 

— 

13       . 

— 

— 

— 

14 

— 

— 

— 

15       . 

+ 

" 

+ 

Pulmonary 

TUBEBCnLOSIS. 

1 
2 
3 

- 

- 

I 

4 
5 
6 

I 

+ 

^ 

7 
8 
9 
10 

+ 

^ 

- 

_ 

_ 

_ 

11 

— 

— 

— 

Asthma. 

1  .. 

2  . . 

3  .. 

4  .. 

- 

- 

- 

- 

- 

- 

Total  No.  of 

cases     . .  30 

" 

•' 

~ 

Lungs. — The  lesions  in  the  limgs  of  influenza  patients  have  been 
varied  and  no  condition  has  been  found  which  could  be  described  as 
being  '  typical  '  of  influenza.  Two  types  of  lesion  have,  however,  been 
most  often  encountered. 

(\)  Large,  heavy  swollen,  (Edematous  lungs.  The  pleural  cavities 
contain  a  large  amount  of  blood-stained  fluid  but  little  or  no  pus,  and 
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thert>  is  a  thin  filmy  dep<>sit  of  JibrLi  ou  the  visceral  phnini  iimler  which 
patches  of  hn?inorrliage  can  be  observed.  On  section  the  hnigs  drip  with 
blood-stained  fluid,  and  the  surface  is  found  to  be  studded  with  little 
droplets  of  pus  which  exude  from  the  cut  ends  of  the  broncliioles.  From 
this  pus  a  pure  or  nearl}'  pure  culture  of  Pfeifler's  bacillus  can  be  obtained. 
The  bronchioles  and  bronchi  are  deeply  congested  and  show  patches  of 
haMnorrhage.  Cultures  from  the  large  bronchi  are  mi.xed,  containing 
pneumooocci,  streptococci  and  other  organisms  as  well  as  Pfeifler's  bacil- 
lus. The  bronchioles  are  surrounded  by  areas  of  hajmorrhage  bur  are 
not  thickened.  The  intervening  lung  substance  is  soggy  but  .still  elastic  ; 
ab-scesw  formation  is  uncommon.  Such  areas  of  emphysema  as  are  present 
are  confinetl  to  the  edges  of  the  lungs.  The  bronchial  Ivmph  nodes  are 
red,  enlargetl  and  soft. 

(2)  The  second  tv])e  closely  resembles  septic  broncho-pneumonia. 
The  areas  of  consolidation  are  usually  scattered  throughout  both  lungs 
and  are  not  confined  to  the  neighbourhood  of  the  bronchioles.  They  are 
sjft,  raised,  reddish-yellow,  or  greyish  in  colour  often  confluent  and 
haemorrhagic  ;  abscess  formation  is  common.  Cultures  from  the 
bronchioles  never  give  pure  cultures  of  PfeifEer's  bacillus.  There  is  often 
a  well  marked  purulent  pleural  effusion  with  a  shaggy  deposit  of  fibrin 
and  pus  on  the  surface  of  the  lung.  The  bronchial  lymph  nodes  are 
large,  soft,  and  often  variegated  with  yellow  patches  containing  pu.«. 
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Table     IX. 
Bitrteriolotjiad  examuuttion  nj  the  lungs,  etc.,  in  39  cases  of  influema. 


Large  bronchi. 

Bronchioles. 

Co> 

SOLIBATED 

Abscess  of  lung. 

Purulent  Pleu- 
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Notes  :  — 

(1)  In  the  cases  marked  ++  Pfeiffer's  baeillus  was  obtained  in  pure  culture. 

(2)  The  case  number.s  1  to  32  correspond  to  the    numbers  in  Table  VI. 

(3)  In  the  cases  marked  o  the  lesion  in  question  (consolidated  lung,  abscess  or  purulent  pleural  effusion) 
was  not  present.  By  '  consolidated  lun"  '  is  meant  the  soft,  raised  patches  such  as  are  observed  in  septie  broncho- 
pneumonia. 
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Xolt. — In  three  oaaes  a  bieniolytio  streptococcus  was  isolateil  from  the  lungs. 

Agiilutination  tests. — A  series  of  agglutination  tests  were  carried  ii\it 
in  continuation  of  the  work  done  in  Calcutta. 

(1)  The  serum  of  48  influenza  patients  taken  durin};  the  second  week 
of  the  disea.se  was  tested  against  homologous  strains.  Six  of  these  strains 
were  spontaneou.sly  agglutinable  in  distilled  water,  normal  .salt  solution 
and  in  the  senim  of  healthy  persons.  Of  the  others,  30  were  aggini  iniiteil 
bv  the  patient's  .serum  and  not  hv  that  of  healthy  persons. 

The  agglutination  titre  varied  from  1  in  32  to  1  in  2")<i. 

(2)  The  sera  from  the.se  patients  were  tested  again.st  four  hetendogous 
strains  isolatecl  from  sputa  obtained  from  the  same  hosjutal  (l)ailiir)  .iiid 
during  the  .same  perioil  of  the  ej)idemi<-  as  the  homologous  strains. 

Out  of  the  3fl  sera  which  agglutinated  the  homologous  strains  only 
12  agglutinated  one  or  more  of  the  heterologous  strains. 

(3)  Sixty-nine  strains  were  tested  again.st  high  titre  sera  prepared 
by  injecting  rabbits  with  the  four  strains  nientione<l  above.  No 
absorption  experiments  were  carried  out.  Ooss  agglutination  experi- 
ments did  not  reveal  any  marked  evidence  of  specifi<'  gro)i|)ing.  All 
that  can  fw  sjiid  is  that  more  or  less  identical  strains  do  occur  but 
the  great  majority  of  them  vary  greatly  in  their  agglnlinability  and 
power  to  priKiuce  agglutinins. 
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Summary  and  dincussion. 

I.  The  role  oj  Pjeijjer's  bacillus  in  influenza. — This  is  still  a  matter  of 
debate.  Doubt  regarding  the  etiological  significance  of  this  organism  in 
influenza  has  been  largely  due  to  the  diverse  bacteriological  findings  in 
the  various  epidemics,  by  failure  to  reproduce  the  disease  in  animals  and 
later  on  to  the  claims  put  forward  by  supporters  of  the  '  filter- passer 
theory."  Now  that  this  theory  has  suffered  many  reverses,  attention  is 
once  more  being  directed  to  PfeifEer's  bacillus,  and  workers  have  begun  to 
revolt  against  the  hard  and  fast  interpretation  of  the  so-called  Koch's 
po.stulates. 

To  quote  from  a  paper  by  Fildes  and  Mcintosh, (4)  the  first 
condition  laid  down  b}-  Koch  is  fulfilled  if  the  virus  is  '  recognised  in  a 
large  proportion  of  the  cases  of  the  disease  preferably  in  relation  to  the 
chief  lesions.' 

This  I  have  shown  to  be  true  for  Pfeiffer's  bacillus  in  the  influenza 
epidemics  in  Calcutta  and  Bombay  where  special  attention  was  paid  to  the 
cultural  requirements  oj  that  organism. 

To  summarise  my  findings  : — 

(1)  Seventy-five  per  cent  of  175  specimens  of  the  sputum  or 
pharyngeal  secretion  of  influenza  patients  obtained  during  the  epidemics 
contained  Pfeifier's  bacillus. 

(2)  The  accessory  respiratory  sinuses  of  41  out  of  53  cases,  examined 
post-mortem,  contained  pus.  From  this  pus  PfeifEer's  bacillus  was 
recovered  in  3i  cases  (83  per  cent),  and  sometimes  in  almost  pure  cxdture. 

(3)  The  bronchi,  bronchioles,  consolidated  lung  tissue  or  pleural 
fluid  was  examined  in  39  cases,  post-mortem.  PfeifEei's  bacillus  was 
found  in  92  per  cent  of  the  cases  ;  most  frequently  in  the  bronchi  or 
bronchioles  and  in  the  latter  situation  often  in  pure  culture. 

Additional  evidence  of  the  causative  lole  of  PfeifEer's  bacillus  in 
influenza  is  as  follows  : — 

In  the  pharyngeal  secretion  of  healthy  persons  obtained  during  the 
Bombay  epidemic  (August  and  September,  1919)  Pfeiffer's  bacillus  could 
only  be  demonstrated  in  18  per  cent  of  138  specimens,  while  during 
the  same  months  it  was  found  in  75  per  cent  of  the  sputa  of  influenza 
patients  examined. 

Agglutination  tests. — The  following  conclusions  have  been  drawn 
from  a  fairly  large  series  of  experiments  with  the  blood  serum  of  influenza 
patients,  convalescents,  and  healthy  persons,  carried  out  in  Calcutta  and 
Bombay. 
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(1)  The  blooil  soriiin  i)f  iiitlueiiza  jwtitnits  whose  respiratory  tnut  is 
infectotl  with  PfoitTor's  baeilhis  possesses  the  power  of  agglutimiting  the 
homologous  strain  (77  per  cent  of  81  cases). 

(2)  Agglutination  of  lieterologous  strains  occur  in  -tO  per  cent  of 
the  cases. 

(3)  The  serum  of  healthy  persons  does  not  agglutinate  I'feiffer's 
bacillus. 

(4)  Agglutinins  appear  in  the  blood  of  patients  during  the  first  week 
of  the  illne-ss,  and  persist  for  at  least  five  weeks  afterwards. 

The  serum  of  17  persons  suffering  from  diseases  other  than  influenzii 
(tuberculosis,  lobar  pneumonia.  Bright "s  disea.se,  Hodgkiii's  disease, 
ankylostomiasis,  kala-azar,  and  certain  surgical  conditions,  e.g.,  liernia 
ami  hydrocele)  faile<l  to  agglutinate  four  strains  of  Pfciffer's  bacillus. 
One  ca.se  of  lobar  pneumonia  with  empyema  and  one  case  of 
anin'lostominsis  without  any  history  of  influenza  gave  positive  reactions. 

Animal  experiments. — The  second  and  third  conditions  laid  down  by 
Koch,  viz.,  that  the  \-irus  .should  be  .shown  to  be  living,  and  should  be 
capable  of  reproducing  the  dlsea.se  in  other  animals,  seem  to  have  been 
adequately  fulfilled  in  the  work  of  Blake  and  Cecil. (5) 

In  the  writer's  experiments  with  mice,  rabbits  and  guinei-pigs,  no 
lesions  characteri.stic  of  influenza  were  obtained  by  inoculation  with 
Pfeiffer's  bacillus  intrana.sallv,  intraperitoneally  or  intravenously. 

The  following  observation.s,  however,  may  be  of  interest  : — • 

(1)  Pfeifler's  bacilliLs  causes  a  septicaemia  in  white  and  brown  mice. 
Intraperitoneal  inoculation  of  mice  is  a  useful  method  of  recovering 
Pfeiffer's  bacillus  and  pneumoco  cus  from  sputum. 

(2)  The  presence  of  pneumococcus  seems  to  increase  the  invading 
power  <if  Pfeifler's  bacillits  for  mice. 

(3)  Intravenous  injection  of  live  cultures  of  Pfeiffer's  bacillus  in 
small  drjHes  docs  not  cau.se  a  septicemia  in  rabbits  but  renders  the 
animal  su«ceptible  to  interfurrent  infections  with  other  organisms,  c.y., 
the  Pa.>ttcurella  group,  and  staphylococcus  aureus. (6) 

(I)  The  bacillus  can  be  recovered  from  the  heart's  blood  of 
rabbits  up  to  12  hours  after  intravenous  inoculation,  but  subsequently 
disappears  from  the  circulation  and  Is  not  found  in  the  organs  after 
18  hours. 

(5)  The  pfjst-mortem  conrlitiDU  of  rabbits  and  guinea-jugs  following 
the  intravenous  or  intrajieritoneal  injection  of  larg"-  doses  of  live  Pfeiffer  s 
bacillus  suggests  that  death  is  due  to  toxaemia. 
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(6)  A  similar  couciition  can  be  produced  by  the  inoculation  of  saline 
extracts  of  dead  bacilli  repeatedly  frozen  and  thawed  and  crushed  in  a 
mortar  and  by  the  products  of  the  growth  of  the  organism  in  blood 
broth. 

Rabbits  were  not  protected  by  small  doses  of  this  supposed  exotoxin. 

II.  The  Pneumococnis. — The  evidence  brought  forward  shows  that 
pnenmococci  were  a  most  important  factor  in  the  influenza  epidemics 
investigated. 

(1)  The  pneumococcus  was  found  in  9(1  per  cent  of  V.'A  specimens 
of  sputum  examined  during  the  (,'alcutta  epidemic  and  in  5i  per  cent  of 
141  specimens  in  the  Bombay  epidemic. 

(2)  Pneumococcus  was  present  in  37  per  cent  of  1 7'J  blood  cultures 
taken  from  influenza  jiatients  during  life  or  within  G  hours  after 
death. 

(3)  It  was  isolated  from  the  pus  of  the  accessory  respiratory  sinuses 
in  83  per  cent  of  the  cases  exammed  post-mortem  and  from  other  parts 
of  the  respiratory  tract  in  72  per  cent. 

Certain  facts  seem  to  point  to  its  being  only  a  secondary  invader  : 

(1)  It  was  much  more  frequently  found  in  the  influenza  cases  during 
the  comparatively  severe  epidemic  in  Calcutta  than  in  the  mild  epidemic 
in  Bojnbay. 

(2)  During  the  epidemic  in  Bombay  the  percentage  of  healthy 
persons  carrying  pnenmococci  was  almost  as  great  as  that  of  the  influenza 
patients  (see  Table  IV). 

(3)  Seventy-four  per  cent  of  the  strains  examined  serologically 
belonged  to  the  heterogenous  collection  known  as  Group  IV  (American 
classification). 

It  was  nevertheless  a  most  potent  factor  in  influencing  the  mortality 
rate  in  the  epidemics  investigated. 

III.  The  Streptococcus. — Hsemolytic  streptococci  were  conspicuous 
by  their  absence,  and  all  the  e\ndence  goes  to  show  that  non-h^molytic 
streptococci,  although  present  in  the  great  majority  of  the  cases,  were  not 
organisms  of  importance  and  only  accidentally  connected  with  influenza. 
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Tntroduction. 

During  the  many  years  I  have  studied  insect  flagellates  I  have 
never  succeeded  in  discovering  one  in  any  of  the  hsematophagous  species 
of  the  genus  Musca.  This  is  not  due  to  any  lack  of  material  for  in  Madras 
there  are  several  species  such  as  Musca  pafloni,  Musca  convexijrons, 
Musca  humilis  and  Musca  nigritlwrax.  These  negative  findings  are 
somewhat  remarkable  when  the  peculiar  habits  and  food  of  these  flies  are 
taken  into  consideration.  I  have,  however,  never  had  an  opportunity 
of  examining  Musca  hezzii  and  Musca  gibsoni  for  such  flagellates  until  I 
came  to  Coonoor  ;  it  was  not  long  before  I  discovered  a  species  of  Herpe- 
tomonas  in  the  former. 

Musca  hezzii  is  one  of  the  largest  species  of  the  genus  and  is  common 
on  the  Nilgiri  Hills  extending  down  to  about  2,000  feet  above  sea  level, 
but  is  most  abundant  higher  up.  Both  sexes,  but  more  particularly  the 
females,  may  be  seen  in  large  numbers  flitting  about  and  settling  on  the 
bodies  of  cattle,  scavenging  for  their  food,  which  is  to  a  large  extent, 
either  fresh,  or  dried  blood,  on  the  skins  or  hairs  of  cattle;  also  the  dis- 
charge from  the  eyes  and  noses  of  animals.  When  any  of  the  biting 
flies  such  as  Philaematomyia  crassirostris,  Slomoxys  calcitrans,  and  any 
(    230    ) 
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of  the  Tiilwnidiv  settle  down  to  a  ine  il  of  blood,  the  female  Munai  bezzii 
attempts  to  share  the  meal  with  them.  It  will  worry  ouo  of  the  larger 
bloo<I  suckinfi  Hies,  ami  compel  it  to  withdraw  its  proboscis  and  will  then 
suck  up  anv  blood  which  exudes.  Sometimes  two  or  even  three  speci- 
mens of  bezzii  mav  be  seen  worrying  Slomnxifs  calcilrans,  and  eventually 
forcing  it  to  withdraw  its  proboscis.  Stomoi-i/s  cnlcifrans  always  re.sents 
these  attempts  vibrating  its  wings  on  the  approach  of  bezzii  evidently 
hoping  in  this  way  to  drive  it  away  ;  it  only  withdraws  its  probo.scis  after 
considerable  irritation.  When  there  are  no  biting  flies  about,  the  female 
bezzii  may  be  seen  seiirching  among  hairs  on  the  legs  and  abdomen  for 
a  spot  of  dried  blood,  and  when  it  discovers  one  it  softens  it  with  its 
salivary  secretion,  and  then  sucks  it  up.  It  is,  therefore,  not  surprising 
to  find  bIcHxi  either  fresh  or  dried  in  its  intestinal  tract. 

This  habit  is  common  to  all  the  haematophagous  species  of  the  genus, 
antl  it  can  be  easily  understood  that  these  tlies  may  carry  bacteria,  and 
such  protozoa  as  trypanosome-^,  from  an  infected  to  a  healthy  animal 
by  contaminating  any  small  cut  with  the  parasites  on  their  labella.  And 
this  posiible  channel  of  infection  should  always  be  taken  into  consider- 
ation when  investigating  outbreaks  of  trypanosomiasis  in  animals. 

At  present  the  species  found  in  India  are  the  only  ones  whose  habits 
have  been  studied,  but  there  can  be  litt'e  doubt  that  when  these  flies  are 
better  known,  they  will  bj  found  in  other  parts  of  the  world  ;  in  the 
past  they  have  been  confused  with  the  house  fly  group.  Recently,  when 
in  England,!  had  the  opportunity  of  studying  the  habits  and  early  stages 
of  the  commtn  Europe »n  species.  Musca  mUumtmlis  de  Geer  (corvina), 
and  was  surprised  to  find  how  little  was  known  about  it.  This  species 
is  al.so  hicmatophagous  in  habit,  and  may  be  .seen  in  large  numbers  in 
the  summer  months  on  the  bodies  of  cattle  and  horses  following  the 
biting  flies  particularly  Slomoxi/s  calcilrans.  It  is  also  common  to  see 
large  numbers  feeding  on  the  secretion  from  the  eyes  and  noses  of  these 
animals,  and  they  are  then  troublesome  pests.  Musca  autumtuilis  lays 
its  spined  egg  in  patches  of  fresh  cow  dung  dropped  in  the  fields  and 
its  I  irv.p  cin  be  found  in  large  numbers  in  these  patches  ;  they  can  always 
be  recognised  by  their  large  black  posterior  spiracles.  They  migrate 
from  the  dung  and  i)up'ite  in  the  ground  some  ilistance  away.  I  have 
found  living  puparia  in  the  winter  in  such  .situations  clearly  shewing 
that  it  hibernates  in  this  stage. 

Before  passing  on  to  the  Herpelomonns  of  Musca  bezzii,  1  fintl  it 
necessary  to  refer  to  a  recent  paper  by  Townseud  in  which  he  proposes 
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splitting  the  Linneaii  genus  Mmca  into  three  genera,  Piomnscn  for 
Mitscn  dome.slir.a,  EuniHsm  for  Musca  aulummlis,  and  ViviroiMinmusca 
for  Musca  bezzii.  He  states  that  '  for  almost  a  century  the  generic 
name  Musca  has,  by  misuse,  been  perverted  from  its  rightful  ap])li- 
cation,'  and  proceeds  to  deal  with  what  is  considered  the  rightful  appli- 
cation of  the  name.  To  say  the  least  of  it  the  creation  of  a  new  generic 
name  for  the  cosmopolitan  house  fly,  Musca  domestica  is  a  most  unwise 
proceeding.  This  name  has  for  generations  been  used  in  Medical,  Zoolo- 
gical and  Epidemiological  literature,  and  to  alter  it  now  would  lead  to 
the  utmost  confusion,  and  distrust  in  systematic  entomology.  Fortu- 
nately Townsend's  interpretation  of  the  facts  of  the  case  do  not  bear 
close  investigation,  and  I  am  indebted  to  Dr.  Gahan,  of  the  British 
Museum  (Natural  History)  for  the  following  notes  on  Townsend's  new 
name  for  the  house  fly,  Musca  domestica. 

Townsend  arbitrarily  assumes  that  Latreille  (1810),  was  the  first 
reviser  of  the  genus  Musca,  whereas  Lamarck  nine  years  previously  in 
his  '  System  des  Vertebres,'  page  310,  divided  the  genus  Musca  into 
two  sections,  in  each  of  which,  he  mentioned  only  one  species  ;  Musca 
domestica  is  mentioned  in  the  first  section,  and,  therefore,  becomes  the 
type  of  the  genus.  That  Lamarck  intended  the  specimen  as  the  type  is 
shewn  by  the  statement  on  the  page  of  the  advertisement  to  the  Volume 
referred  to  in  para.  2.  Moreover  in  saying  that  Latreille's  designation 
of  the  type  of  the  genus  cannot  be  consistently  set  aside,  Townsend  has 
overlooked  the  fact  that  five  years  earlier,  Fabricius  in  his  '  System 
Antliatorum,'  (1805),  page  284,  had  indicated  Musca  carnaria  L.,  as 
the  type  of  the  genus  Musca  by  the  method  by  which  the  late  Mr.  Kirjaldy 
originally  drew  attention,  viz..  by  giving  a  description  of  the  genus 
under  the  heading  of  that  species.  Medical  men,  Epidemiologists  and 
Sanitarians  can,  therefore,  continue  to  use  the  familiar  and  correct 
generic  name  Musca  for  the  well  known  house  fly  without  feeling  that 
they  are  in  anj'  way  transgressing  the  rules  of  Zoological  Nomenclature. 

Herpetomonas  Craggii  Sp.  Nov. 
This  Herpetomonas  is  parasitic  in  the  alimentary  tract  of  the  adults 
of  Musca  bezzii.  Although  I  have  examined  about  300  flies,  I  have  only 
once  succeeded  in  finding  the  adult  flagellate  stage  in  large  numbers  in 
one  female  fly  ;  in  a  few  others  one  or  two  flagellates  were  found  in  the 
midgut.  The  postflagellate  stage  on  the  other  hand  is  quite  easily  found 
in  the    hindgut  and    rectum  of    about   75%.     The  mature  flagellate 
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Explanation  of  Plate  XVIT. 

Fig.     1.     A  group  of  the  round  and  oval  post6agellates  of  Herpelommiag 

cragfiH  from  the  rectum  of  Musca  hezzii.  x  about  800  times. 

Note  the  long  free  flagella,  and  the  cellular  portion. 
■  „     2.     Another  group  of  the  same,     x  about  800  times. 
,,     3.     The  final  postflagellate  stage,      x  about  800  times. 
,,      4.     A  rosette  of  long  mature  flagellates  of  Herpetomonas  minihilis, 

X  about  800  times. 
,,      5.     A  mature  flagellate  of  the  same  with  a  very  long  thin  posterior  end,' 

x  about  2000  times. 
,,     6.     Another  adult  flagellate  of  the  .same  with  an  even  longer  posterior 

end.     x    about  2000  tinaes. 
,,      7.     Another  adult  flagellate  of  the  .same  with  a  shorter  posterior  end. 

X  about  2000  times. 
,,      8.     A  mature  flagellate  of  the  same  dividing  .     Note  tlie  posterior  end 

has  broken  of!,     x   about  2000  times. 
,,     9.     Another  flagellate  of  the  same  dividing.  about  2000  times. 
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iiieasuros  from  'lOu  to  liox  in  loujjth  ami  from  lj«  to  'In  in  Ijrcailth. 
The  nucleus  is  large  and  usually  situated  about  the  middle  ;  the 
blepharoplast  is  relatively  small  and  lies  close  to  the  anterior  end.  The 
Hagellum  is  lonj?  and  stout.  These  forms  evidently  pass  down  the 
alimentarv  tract  and  collect  in  the  hiiul<;ut  where  they  round  up. 

In  its  post  flagellate  stage  the  parasite  can  be  found  in  large  numbers 
rounding  up  nirely  in  the  hindgut  and  most  commonly  iu  the  rectum. 
These  stages  are  shewn  in  F.gs.  1  and  2  on  Plate  X\'I1 ;  they  are  oval 
in  shape  measuring  from  '2u  to  '.in  in  length.  The  nucleus  stains  well  and 
usually  lies  about  the  centre  of  the  body,  and  at  this  stage  the  blepharo- 
plast is  a  small  deeply  staining  rod  lying  close  beside  it.  In  Fig.  'i, 
Plate  XVII.  the  final  round  postflagellate  stage  is  illustrated.  Some  of 
these  shew  the  tlagellum  merely  attached  to  the  margin  of  the  body  of 
the  parasite,  the  cellular  portion  having  disappeared  ;  in  others  the 
tiagellum  is  seen  as  a  mere  tag.  The  final  stage  varies  much  in  size  and 
may  be  as  small  as  TSm  in  length,  the  larger  forms  evidently  divide  into 
(he  smaller  ones.  This  stage  is  best  seen  in  the  lower  end  of  the  rectum 
where  they  may  be  found  in  immense  numbers  packed  together  and  then 
the  rectum  has  a  characteristic  jiearly  white  colour,  is  very  brittle  and 
readily  tears. 

It  will  be  remembered  that  M'l.sca  bezzii  is  larvipaious  in  habit, 
dejwsiting  one  larva  at  a  time  in  patches  of  fresh  cow  dung.  I  have 
examined  the  alimentary  tracts  of  many  larvae,  both  immature  and 
mature,  but  have  never  found  the  para.sites  in  them.  This  Herpelomoiius 
evidently  ])asses  its  c<'mr)lete  life  history  in  the  adult  fly. 

I  have  much  pleasure  in  naming  this  species  after  Major  Cragg 
I..M  s.,  who  collaborated  with  me  in  describing  the  host,  Musca  bezzii. 

It  is  interesting  to  note  that  a  large  percentage  of  the  females,  more 
than  3(1  ",,  are  infected  with  a  yeast  whifli  is  commonly  found  in  clumps 
in  the  body  cavity  and  also  in  the  alimentary  tract.  About  o",',  of  the 
females  are  infected  with  a  species  of  Hnbronenui  which  almost  invariably 
destroys  the  ovarie.-.  .\ll  the  stages  of  this  nematode  may  be  found 
in  the  same  fly.  Vet  in  spite  of  these  vai  ious  parasites  Muscu  bezzii  is  an 
abundant   species   wherever  it   occurs. 

HerjjeloMoiuis  niirabilis  Roubaml. 
I  first  di.Ncovered  this  species  in    the  alimentary  tract  ol  Lucilia 
argijrirephalti  in  1906  at  Madras,  a  large  percentage  of  the  flies  caught 
in  the  bazaars  being  infected.     Since  then  Pvoubaud  has  desciibed  it 
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from  the  aliinentaiy  tract  of  Chrysomijia  alhiceps  (puloriu)  from  West 
Africa  naming  it  mirahilis.  I  have  also  found  mirahilis  in  a  number 
of  other  CalliphorinsD,  sucli  as  Chri/somt/in  me(j(icephala,  C.  alhiceps  and 
Lucilia  craggii.  In  1913  and  again  in  1920,  I  worked  out  its  complete 
life  history.  It  was  found  that  it  readily  develops  in  the  alimentary 
tract  of  the  larva  of  Lucilia  argyricephala,  the  infection  being  carried 
over  to  the  adult  stage  through  the  pupa. 

A  large  number  of  adult  flies  were  collected  from  the  bazaar  shops 
and  were  placed  in  a  cage.  A  piece  of  sheep's  spleen  which  had  been 
flamed  was  pulped  up  and  placed  on  a  sterile  watch  glass  and  suspended 
in  the  cage  ;  the  flies  readily  fed  on  the  spleen  juice  which  was  kept  moist 
with  sterile  saline  solution.  Some  of  the  females  laid  their  eggs  on  the 
spleen  pulp,  and  as  soon  as  the  larvae  had  hatched  out  the  watch  glass 
with  the  spleen  was  removed  and  suspended  in  another  cage.  The  larvae 
were  now  dissected  at  regular  intervals,  and  it  was  found  that  many  of 
them  contained  the  round  stages  in  the  upper  part  of  their  midguts,  and 
by  examining  a  large  number  it  was  possible  to  observe  the  round 
flagellates  developing  into  the  elongated  ones.  This  process  was  a  rapid 
one  and  about  the  third  to  the  fourth  day  most  of  the  larvae  contained 
mature  flagellates.  These  multiplied  and  when  the  larva  became  matured 
and  stopped  feeding,  they  collected  down  near  the  openings  of  the 
Jlalpighian  tubes,  though  they  never  entered  them.  On  examining  pupae 
of  various  stages,  it  was  quite  easy  to  find  masses  of  the  flagellates  in  the 
small  greenish  mass  of  food  stufJ  remaining  over  from  the  larval  gut.  A 
group  of  these  forms  is  shewn  in  Plate  XVII,  Fig.  4.  They  represent 
the  mature  flagellate  and  it  will  be  noted  that  the  posterior  end  is  attenu- 
ated and  much  elongated  and  that  the  nucleus  lies  in  the  broad  end 
and  the  blepharoplast  which  is  a  somewhat  small  rod  lies  a  little  distance 
anterior  to  it.  The  anterior  end  is  rounded  and  the  flagellum  is  as  a  rule 
very  short  though  it  may  be  long.  These  flagellates  exhibit  peculiar 
slow  waving  movements,  the  long  drawn  out  posterior  end  swaying  about ; 
it  may  quite  well  be  mistaken  for  the  flagellum  in  the  fresh  condition. 
It  is  common  to  find  immense  numbers  in  the  hindgut  just  near  the 
openings  of  the  Malpighian  tubes  ;  their  further  development  is  very 
easily  studied.  The  constant  waving  movements  appear  to  draw  out 
the  posterior  end  so  that  it  becomes  more  and  more  attenuated  and  is 
then  seen  to  be  attached  to  the  body  of  the  parasite  by  a  slender  band 
of  protoplasm.  This  appearance  is  well  shewn  in  Plate  XVII,  Figs.  5 
and  Om.     In  Fig.  7,  Plate  X\'I1.  one  of  these  stout  flagellates  is  shewn 
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Explanations  of  Plate  XVIII. 

Fig.    J.     A   rosette  of  mature  flagellates  of  W.     mirabUis.       -about  1000 

times. 
Figs.    2     and   3.  A   pair  of    flagellates   from   a  rosette  as  seen  in   Fig.  4. 

The  long  posterior  end  has  broken  away,      x  about  1000  times. 
Fig.     4.     .\   rosette  of  adult   flagellates.     Some  still  have  long  posterior 

ends,  while  iu  most  they  have  broken  off.      >  about  1000  times. 

5.  Three  flagellates  from  a  similar  ro.sette  just  about  to  divide,      x 

about  2000  times. 

6.  A  .single  flagellate  from  a  similar  rosette.      X  about  lOOOtjmes. 

7.  .\  flagellate  from  a  ro.sette  about  to  divide  longitudinally,      x 

about   1000  times. 
)S.     F\irther  stage  in  the  division  of  a  similar  flagellate. 

Note  that    the  daughter  cell  on  the  right   has    an    elongated 
nucleus  and  the  ))lei)haroplast  is  passing  behind  it.  about 

HHX)   times. 
!>.      A  young  flagellate  from  a  rosette  such  as  that  .'een  in  Fig,  1 1 .      x 
about    1000   times. 
Figs.  10.     and  11.     Two   rosettes     of    flagellates   dividing     and    becoming 
more  attenuated. 

Note  the    nuclei   are    elongated    and   the    ble\)haro])lasts  are 
l)a.ssing  behind  them,      x  about  1000  times. 
,,    12,     13  and  14.   Flagellates  from  such  a  rosette  shewing  the  changes 
mentioned  above.     The   nuclei  are    becoming    elongated  and 
the       blepharopla.sts     are    passing    behind    them.  about 

1000  times. 
,.     I.').  16  and  17.     Flagellates  in  which  this  change  i.s  comi)leted.     That 
illustrated  in  Fig.    17    is  dividing  at    this    stage.       This    is 
tlie    Cnt/iidia  st&ge.      X  about  1000  times. 
Fig.     18.     A  young  flagellate  from  a  ro.sette  such  as  that  shewn  in  Fig.  10. 

X  about  1000  times. 
Figs.   ]<l.  20,  21,  22,  27,  29,    and  30.     Crithidw  stage  preparatory    to  the 
formation  of  the  postflagellate. 

Note  the      elongated    nuclei,    posteriorly     placed    blepharo- 
plast,    and    the    long    portion    of  the  flagellum     attached  to 
the   body    of    the    cell.     These     forms     are    verv  like    some 
pathogenic  trypanosomes.  x  about  1000  times. 
Figs.  23,  24,  25,  and  26.     The  commencement  of  the  po.stflagellate  stage. 
The  parasites  shorten  and  eventually  round  up.       .    about  1000 
times. 
Fig.    31 .     A  group  of  flagellates  dividing,     x  about  1000  times. 
Figs.  32  to  10.     The  formation  of  the  postflagellate.    The  parasite  round  up. 
the  flagellum  is  then  only  attached  to  the   margin  and  division 
now  takes  place.      >   about  1000  times. 
Fig.''.  41  to  1.5.     The  final  postflagellates.     The  flagellum  breaks  off  and  the 
cell  rounds  up.     x  about  1000  timea. 
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with  the  iwsterior  end  broadly  attached  to  the  b(»dv  of  the  |>«rasite  ;  tliis 
l)ortion  stains  a  lighter  colour  than  the  rest  of  the  parasite  and  appears 
to  represent  the  drawn  out  ectoplasniic  sheath.  In  Fig.  8,  Plate  X\'1I 
one  of  tiiese  parasites  is  dividing  and  the  posterior  end  of  the  jmrent  cell 
has  broken  off,  and  is  lying  bent  near  them.  Fig.  i).  Plate  X\'I1,  shews 
a  younger  flagellate  before  the  posterior  end  is  dnvwn  out  to  any  great 
e.xtent.  It  will  be  noted  that  in  most  of  these  long  Hagellates,  the 
flagellum  is  l*roken  oil  and  that  only  a  small  intracellular  portion  e.xists. 
The.se  long  flagellates  are  always  seen  in  groups  forming  large  rosettes, 
the  jwsterior  end  waving  about  ;  if  they  are  watched  for  some  time  in  the 
fresh  condition,  the  posterior  ends  of  many  will  be  seen  to  become 
detached. 

Plate  XVIII,  Fig.  1  shews  a  rosette  of  these  elongated  flasjellates 
undergoing  division  ;  ail  the  tlagella  are  directed  inwards,  and  form  a 
tangled  mass  ;  when  seen  in  the  fresh  condition  they  cause  the  parasites 
to  wave  about  from  side  to  side.  When  the  elongated  posterior  end 
of  the  parasite  breaks  off,  smaller  stout  ilagellates  results,  some  of  these 
are  shewn  in  Figs.  2,  3,  5,  6,  7,  9,  18  and  31,  Plate  XVIII.  In  these 
forms  although  the  blepharoplast  is  usually  near  the  nucleus,  it  may 
be  seen  low  down  near  the  anterior  end  of  the  parasite.  By  further 
division  while  still  attached  in  rosettes,  they  become  more  and  more 
attenuated,  and  often  smaller  in  size  (Figs.  4,  10  and  11,  Plate  XVIIl). 
A  remarkable  change  now  takes  place,  the  nucleus  becomes  more 
elongated,  and  the  blepharoplast  passes  back  towards  the  posterior 
end.  of  the  jtarasite.  All  the  changes  in  this  stage  can  be  observed 
in  both  fresh  and  stained  smears,  these  changes  are  well  illustrated 
in  Figs.  8,  10,  11,  Vl,  13  and  14,  Pli.te  XVIII.  In  Fig.  10, 
Plate -XVIII.  a  rosette  containing  some  of  these  forms  with  the 
blepharoplast  at  the  posterior  end  is  seen  together  with  others  in 
which  this  process  is  beginning.  It  will  be  noted  that  the  nucleus 
at  this  time  becomes  elongated  and  when  stained  aj)pearsasadark 
strip,  sometimes  with  a  wavy  outline.  Figs.  15,  10,  17  19,  20,  21, 
22,  27,  29  and  30,  Plate  XVIII,  illustrate  different  types  of  this 
crithidia  phase  of  Herpetomonas  mimbiUs.  If  this  stage  were 
examined  by  itself  and  not  in  relation  with  the  previous  stages,  there  is 
little  doubt  that  it  would  be  placed  in  the  genus  Tri/panosonui.  or  at  least 
in  the  genu-i  Crithidia.  It  emphasises  what  I  have  already  jioinlcd  out 
on  many  occasions,  that  these  Herpetomonas  exhibit  marked  pleonior- 
phism  in  their  various  stages,  and  that  unless  the  adult  or  mature  flagellate 
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is  studied,  they  niny  be  confused  witli  flagellates  belonging  to  other  and 
distinct  genera. 

These  crithidia-lil<c  forms  now  collect  in  large  numbers  in  the  hind- 
gut  of  Lncilia  argipirephnia,  where  they  round  u{3.  These  roimding  up 
forms  are  illustrated  in  Figs.  23,  21,  2.5,  26.  Plate  XVIII  and  it  will  be 
noted  that  as  the  parasite  becomes  round,  the  cellular  portion  of  the 
flagellum  becomes  shortened,  and  later  it  comes  to  be  attached  only  to 
the  margin  of  the  cell  eventually  breaking  off,  when  the  postflagellate 
stage  is  completed.  These  changes  are  illustrated  in  Figs.  32  to  45, 
Plr.te  XVIII.  The  round  post  flagellates  may  be  found  in  large  numbers 
attached  to  the  whole  of  the  wall  of  the  hind  intestine,  which  then  has 
a  glistening  white  appearance,  it  is  very  brittle  and  will  readily  break. 
It  is  these  forma  which  are  ingested  by  the  first  stage  larvae  in  whose 
midguts  they  at  once  flagellate.  There  can,  however,  be  very  little 
doubt  that  the  adult  Lucilia  argyricephala  ingests  these  round  stages 
when  feeding  on  meat  and  sweets  in  the  bazar  shops,  and  that  they 
develop  in  their  midguts  as  well. 

In  connection  with  this  Herpetomonas  of  the  Calliphorinae,  it  is  inter- 
esting to  note  that  it  cannot  live  in  the  alimentary  tract  of  Musca  nebulo. 
•i  have  carried  out  some  exact  transmis.sion  experiments  which  have 
clearly  demonstrated  this  fact.  In  India  I  have  only  found  Herpeto- 
monas mirabilis  in  the  Calliphorina?.  Herpetomonas  niuscw  domesticce 
on  the  other  hand  will  readily  live  and  multiply  in  the  alimentary  tract 
of  many  of  the  Callijjhorina;.  As  a  result  of  these  and  other  obseivations 
on  the  Herpetomonads  of  cojirophagous  and  necrophagous  flies,  I  believe 
that  species  found  in  different  closely  related  Diptera  are  distinct,  and 
not  identical  with  those  found  in  other  species.  Some  observers  would 
include  all  the  Herpetomonads  of  necrophagous  and  coprophagous 
Diptera  under  the  generic  name  Herpetomonas  miiscre  domesticrp  ; 
transmission  experiments  do  not  support  this  view. 

I  have  succeeded  in  obtaining  a  pure  culture  of  Herpetomonas 
mirabilis  in  the  NNN  medium,  but  it  does  not  flourish  in  it  and  requires 
to  be  constantlv  subcultured. 

Herpetomonas  miisccB  domesticw  Buc^iett. 

I  have  found  this  Herpetomonas  parasitic  in  the  following  species 

of  Diptera  :     Musca  nehulo.  Musca  humHis,  Fannin  canictdaris,  Borborits 

sp.,  Drosophila  sp..  Lucilia  ari/;/ricephala,  Lucilia  craggii,  and  in  several 

other  Caliiphorina\     In  all  it  is  quite  common  to  find  the  mature  flagellate 
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stage  in  the  peritrophic  inembraiie  in  an  active  stage  of  division,  and 
then  it  will  be  noted  that  all  the  parasites  exhibit  that  appearance  which 
Prowazek  long  ago  mistook  for  a  biflagellate.  I  have  pointed  ont  that 
Herpelomonas  muscw  domeslic(F  only  has  one  flageliuni,  and  that  these 
forms  with  a  double  flageiliim  only  I'epresent  a  process  of  simple  division. 
If  these  jwrasite;  are  watched  long  enough  in  the  fresh  condition,  thev 
will  be  seen  to  divide  into  two  and  the  resulting  parasites  then  onlv 
possess  one  fl'igelluin.  but  soon  themselves  begin  to  divide  asjain  and 
shew  the  biflagellate  appearance. 

Herpelomonas  inuscw  domestica  though  it  is  readilv  acquired  by 
adult  flies  when  they  feed  on  the  excreta  of  others  containing  the  parasite, 
it  can  also  live  and  multiply  in  the  alimentary  tract  of  the  larvae  of  some 
of  its  insect  hosts.  I  have  recently  found  that  the  larvap  of  Miiscn 
nebula  are  commonly  infected  with  this  flagellate,  the  infection  then 
being  carried  over  to  the  nymph  and  the  adults  when  thev  hatch  out 
are  infected.  It  will  be  easily  understood  how  this  infection  is  acquired, 
for  it  is  only  ne.^essary  to  watch  a  heap  of  horse  manure  to  see  large 
numbers  of  females  of  Musca  nebulo  crawling  over  it,  and  when  laving 
their  eggs  in  it  pass  out  the  round  stages  of  the  parasite  on  the  surface. 
The  young  larvre  come  np  to  the  .surface  at  dusk  to  feed  and  tlipn  ingest 
the  parasite. 

Uerpetoinonas  munar  domesluce  grows  very  liixuriantiv  in  the  NNN 
medium,  but  it  is  extremely  difficult  to  obtain  a  pure  culture  owing  to 
the  many  bacteria,  which  are  present  in  the  alimentary  tract  of  all 
copro])hagous  and  necro])hagous  flies.  I  have,  however,  succeeded  in 
obtaining  a  pure  culture  by  dissecting  out  the  peritrophic  membrane  of 
LuciUtt  (irrjyricephdhi  containing  the  flagellate  stage  and  transferring^ 
some  of  the  contained  flagellates  to  the  NNN  medium;  in  this 
particular  instance  there  did  not  happen  to  ho  anv  bartoiiii  with  the 
flagellate.s. 

This  Herpelomonns  like  all  others  cannot  live  in  the  NXX  incdiiim 
with  bacteria  as  they  .soon  overgrow  it  and  kill  it.  lint  in  the  aiinieritary 
tract  of  its  in.sect  ho.st  it  can  live  with  faecal  bacteria  as  long  as  the  bacteria 
do  not  gain  the  ascendency.  Hut  this  sometimes  happens  and  then  it 
will  be  noted  that  almo.st  the  whole  of  the  hindgut  is  lined  with  a  parti- 
cular specie.s  of  liacterium,  and  when  this  is  found  no  flagellates  can  be 
seen  in  this  part  of  the  alimentary  tract.  There  seems  to  be  no  doubt, 
therefore,  that  many  of  the.se  flagellates  can  live  in  .symbiotic  relafionship 
with  bacteria  in  the  alimenlarv  tracts  of  their   hosts,  but  that  in  the 
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majority  tho  bacteria  never  overrun  the  wliolc  of  the  alimentary   tract, 
thus  enabling  the  flagellates  to  maintain  themselves. 

Herpetomonas  Sarcopliaga'  Prowcizek. 
This  species  of  Herpetomonas  is  very  common  in  many  species  of 
Sarcophagn,  and  in  the  majority  of  specimens  examined  it  will  be  found 
in  the  hindgut  in  the  round  postfiagellate  stage.  But  if  a  large  number 
are  examined,  in  a  few  the  mature  flagellates  will  be  found  in  the  midgut. 
It  would  appear  that  the  flies  become  infected  early  in  their  life  histories, 
and  that  the  specimens  which  are  usually  examined  are  those  which  are 
ready  to  larviposit,  a  considerable  time  has  then  elapsed  since  the  infec- 
tion was  acquired  and  the  parasite  has  completed  its  cycle  of  develop- 
ment. I  have  carried  out  a  number  of  transmission  experiments  with 
this  Herpetomonas  from  time  to  time,  in  order  to  see  whether  this  species 
would  live  in  the  alimentary  tract  of  the  house  fly,  Musca  nebiilo,  but  I 
have  always  failed  in  infecting  it.  This  seems  to  indicate  that  Herpeto- 
monas sarcophagcp,  is  a  distinct,  though  close  ally  of  Herpetomonas  musca 
domesticw.  It  is,  however,  very  similar  in  structure  and  has  a  large 
blepharoplast  and  a  thick  flagellum,  and  belongs  to  the  same  group. 

The  Flagellates  oj  Sepsids. 

Many  years  ago  in  Madras  I  discovered  a  very  striking  sj)ecies  of 
Crithidia  in  a  species  of  Sepsid,  which  was  very  common  on  the  heap  of 
cow  dung  kept  in  the  Sewage  Farm  of  the  King  Institute.  This  parasite 
was  subsequently  found  in  another  species  of  the  same  genus  of  dung  flies, 
and  in  this  there  was  also  a  species  of  Herpetomonas.  Both  these  para- 
sites are  illustrated  on  Plate  XIX.  The  Crithidia  (Figs.  1,  2,  3,  ■!  and  5, 
Plate  XIX)  exhibits  some  peculiarities  common  to  certain  species  of 
the  genus  Trypanosoma.  The  flagellum  is  short  and  runs  along  the 
margin  of  the  body  in  an  undulating  manner  to  the  ble^Aaroplast  which 
is  situated  as  a  rule  near  or  behind  the  nucleus,  but  may  be  during  the 
process  of  division  anterior  to  it.  It  is  of  interest  to  note  that  this 
Crithidia  is  parasitic  in  the  alimentary  tract  of  a  purely  dung  feeding 
insect  and  can  under  no  circumstance  be  acquired  from  the  blood  of  a 
vertebrate. 

The  Herpetomonas  (Figs.  6  to  10,  Plate  XIX)  was  common  in  one 
species  of  Sepsis  along  with  the  Crithidia,  but  there  was  no  doubt  that 
they  are  distinct  species  for  the  Crithidia  was  found  in  the  alimentary 
tract  of  another  Sepsis  without  the  Herpetomonas.  It  is  a  strikingly 
distinct  species  with  a  relatively  short  flagellum  and  large  blepharoplast. 


Explanation  of  Plate  XIX. 

PigR.  1  to  5.  The  Critkidia  s)>.,  from  the  alimentary  tract  of  a  Sepsid. 
Note  the  position  of  the blepharoplast,  the  short  free  flageHuni 
and  the  evidence  of  an  untlulatini;  membrane  shown  in  Fi-is.  2 
and  3.  Tliese  flagellates  have  a  trypanosomo  facies.  ■  about 
1500   tiroes. 

Figf.  6  to  10.  The  Wc;7)<^owon<j««;).,  from th>' alimentary  tract  of  a  Sepjsid. 
Note  the  large  size  of  the  blepharoplast  and  the  relatively 
short  flagellum.      -    about  1500  time.s. 
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In  concluding  these  miscellaneous  notes  on  somo  insect  f.ajjellates 
I  would  like  to  point  out  that  there  is  a  very  largo  lielil  for  orij^inal  work 
on  these  parasites  in  India,  and  the  material  is  unlimited.  I  trust  tho.se 
who  have  opportunities  of  studying  the.se  para.sites  will  do  so,  for  I  am 
con%-inced  that  careful  studies  of  their  life  histories  would  yield  much 
information  which  would  help  us  to  understand  those  related  forms, 
which  are,  perhaps,  on  the  way  to  become  pathogenic  to  man  and  animals. 
Transinis.siou  experiments  on  white  mice  would  give  us  scir.e  valuable 
information  as  to  whether  the  species  found  in  India  are  capable  of  living 
in  the  tissues  of  the  smaller  laboratorv  animals.  I  would,  however,  warn 
the  observer  who  undertakes  such  experiments  that  the  white  Japanese 
|>erforming  mice,  which  are  usually  .sold  in  India,  .seem  to  be  of  little 
use  for  such  experiments.  I  have  inoculated  many  of  these  mice  with 
several  species  of  Herpelomonas  including  Herpetomohm  dotiovuni,  but 
have  nt^•e^  yet  succeeded  in  obtaining  any  positive  resulls. 
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In  an  earlier  paper  tlie  senior  author  recorded  some  experiments 
which  were  carried  out  at  Cambay  with  the  object  of  discovering  the 
method  of  transmission  of  the  parasite  of  Oriental  Sore  ;  the  following 
is  a  short  summary  of  the  experiments. 

Experiment  1. — An  attempt  was  made  to  try  and  infect  cuts  and 
scratches  on  the  human  skin  by  allowing  house  flies  {Musca  nebulo)  to 
settle  on  them  after  they  had  contaminated  their  legs  and  proboscides 
with  the  characteristic  parasite  laden  white  discharge  from  a  sore.  The 
results  were  entirely  negative. 

(     240      ) 
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Experiment  2. — Dissection  of  the  aliiiUMitary  tracts  of  lioiisc  (lies 
which  hinl  fed  on  tlie  <lisch:ir'i;e  mentioned,  above  conclusively  proved 
that  the  parasite  disappears  from  the  mi(t.i;ut  of  the  Hy  in  six  hours,  ami 
that  it  never  reaches  the  hindgut  and  rectum  in  a  living  condition.  The 
pirasite  does  not  undergo  any  <levelopniental  chaages  in  the  alimentary 
tnct  of  the  Iniuse  fly.  Thes'>  two  experiments  althougli  carried,  out 
under  the  most  favourable  conditions  left  no  doubt  that  the  house  fly 
plays  no  part  in  the  tnMismissiou  of  the  parasite  from  man  to  man. 

Experiment  :}. — B  )d.y  and  hea<l.  lice  although  allowed  to  crawl  over 
ami  feed  at  themarginof  a  sore  never  become  infected,  and  all  the  evidence 
ontheetiologv  of  the  ('isease  is  opposed  to  the  view  that  lice  |)lav  aiiv 
part  in  the  traasmission  of  the  parasite  in  nature. 

Exj)eriment  4. — No  evidence  could  be  founj'  to  incriminate  any 
biting  flv  as  being  the  carrier  of  the  parasite.  It  is  true  Phlebolomus 
minutus  occurs  in  Cambay  but  in  such  small  numbei-s  that  it  was  not 
possible  to  carry  out  any  experiments  with  this  fly.  Its  probable  rela*  ion 
to  the  spread  of  the  p.\rasite  will  be  fully  discussed  in  another  jjajier  by 
the  senior  author. 

In  view  of  the  hypothesis  that  fieas  (Pidex  irrilmis  a.nd  ('leiiurephahis 
canis)  are  believed  to  be  the  transmitter;  of  the  |)arasites  of  human  and 
canine  kala-azar  along  the  Mediterranean  littoral,  it  was  necessary  to 
consider  whether  fleas  could  be  concerned,  in  the  transmission  of  the 
para.site  of  Oriental  Sore.  Although  no  feeding  experiments  were 
carried  out  with  any  of  these  insects,  no  evidence  could  be  found  to 
incriminate  them,  and  no  case  of  Oriental  Sore  was  .seen  in  a  dog. 
Feei'ing  experiments  with  fleas  are  diHicult  to  carry  out,  and  further  it 
should  be  remembered  that  Pule.r  irritans,  Clenorepholus  canis  and 
C.  jelis  are  infected  with  their  own  natural  parasites  which  may  be 
confused  with  any  they  may  ingest. 

Experiment  5. — A  large  number  of  experiments  were  carried,  out 
with  the  bed  bug  Cimex  hemiptera  fed  at  the  margin  of  the  sore  and  at 
-some  distance  from  it,  and  the  following  conclusions  were  arrive<l  at. 

As  the  parasite  of  Oriental  Sore  occurs  in  the  peripheral  blorxl,  it 
can  be  ingested  by  the  bug.  in  which  it  develops  into  its  flagellates  age 
but  only  if  the  tempe  ature  is  below  -Ity'L'.  The  fligellates  were  not  seen 
in  stained  smears  of  the  alimentary  tract  of  the  adult  bug  after  the  tenth 
(•ay,  anit  it  was  believet'  that  the  parasite  dies  out  iti  the  ad.ult,  but 
remains  a  longer  time  in  the  alimentary  tract  of  the  nyiupli.  The  fact 
that  Oriental  Sore  only  occurs  in  those  parts  of  India  wIkic  tin-re  is  u 
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('ecid.tMl  coll),  weatlipv  supports  the  view,  that  temperature  plays  an 
iiii])ortant  ])art  in  the  development  of  the  parasite  in  the  insect  host,  and 
the  parasite  will  only  flagellate  in  the  bug  when  the  temperature  is 
below  25°C. 

As  a  result  of  these  observations,  the  conclusion  was  reached  that  in 
Cambay,  Vimex  hemiplera  apj)eared  to  be  the  only  possible  inject  carrier. 
Feeding  experiments  with  infected  bugs,  liowever,  conclusively  jiroved 
that  the  jjarasite  is  not  transmitted  by  the  bug  in  the  act  of  sucking 
blood. 

From  some  observations  on  Oriental  Sore  in  Mesopotamia,  which 
were  recorded  in  a  recent  note,  the  senior  author  came  to  the  conclusion 
tiiar  an  allied  parasite  in  that  country  found  its  way  into  the  skin  when 
one  or  other  of  the  species  of  Plilebotomus  infected  with  Herpe/omonas 
phlebolomi  Mackie  was  crushed  in  the  act  of  biting.  In  other  words  that 
the  parasite  of  Oriental  Sore  in  Mesopotamia  is  in  reality  Heipetowonas 
phlehotomi  which  on  multijilying  in  the  skin  produces  the  well-known 
sore. 

With  this  hypothesis  hi  view,  we  have  carried  out  a  long  series  of 
feeding  experiments  by  feeding  Cimex  hemiplera  on  cultures  of  the 
parasite  of  Oriental  Sore,  which  Dr.  Kow  very  kindly  placed  at  our 
disposal,  and  also  from  cultures  of  a  .'ore  produced  experimentally  on  the 
arm  and  leg  of  one  of  the  Laboratory  Assistants,  Motha,  Pasteur 
Institute  of  Southern  India,  specially  sent  to  Jodhpore  for  the  purpose. 
Dr.  Row  tells  us  that  his  culture  was  originally  obtained  from  a 
typical  cai;e  of  Oriental  S<iie  contracted  in  Cambay,  and  that  he  has 
kept  it  alive  and  virulent  l>y  passing  it  through  animals  and  numerous 
subcultures.  In  this  paper  we  propose  recording  our  observations  on 
the  behaviour  of  the  parasite  in  the  alimentary  tract  of  the  bug,  Cimex 
hemipteni,  and  at  the  same  time  re^^ewiug  some  points  in  the  etiology 
of  the  disease. 

Materi.-il  and  Methods. 

It  will  be  remembered  that  one  of  us  in  collaboration  with  Cornwall 
devised  a  simple  and  most  successful  method  of  feeding  bugs  on  cultures 
of  the  parasite  of  kala-azar  through  a  piece  of  fresh  rabbit's  skin.  The 
technique  involved  was  fully  described  at  the  time,  and  we  are  surprised 
that  no  other  observers,  who  have  opportunities  of  working  at  the  kala- 
azar  problem,  have  carried  out  similar  experiments.  In  order  to 
emphasise  the  great  utility  of  this  method  of  feeding  bugs,  and  for  the 
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matter  of  that  any  other  blood-sucking  insects,  we  will  again  ilesciibo 
the  technique  in  detail,  and  some  inodiKcatioiw  we  have  introduced. 

In  the  case  of  the  |iarasite  of  Oriental  Sore,  it  was  found  that  a 
culture  six  days  old  gave  the  best  results.  The  following  material  and 
a]ij)aratus  is  required  : — 

1.  About  8  to  12  tubes  of  NNX  niediuin  inoculated  with  the 
|u»nisite  six  days  previously. 

'1.  Small  glass  cylinders  varying  in  length  from  \  to  iH  cm.  in  leiigt  h, 
plugged  at  both  ends  with  cotton  wool  and  autoclaved  ;  these 
cylinders  are  made  by  cutting  oil  the  ends  of  test  tubes. 

3.  A  young  rabbit  with  the  hair  on  the  abdomen  cut  close  to 
the  skin. 

4.  Sterile  dissecting  instruments,  such  as  forceps,  scissors  and 
knives. 

5.  Plastecene. 

6.  Tubes  of  starved  bugs  in  all  stages.  The  insects  being  allowed 
to  rest  on  a  long  piece  cf  filter  jiaper,  a  narrower  piece  placed  at  the 
bottom  of  the  tube  to  allow  any  whicli  happen  to  fall  down  to  regain  the 
longer  piece  of  filter  paper. 

7.  Fresh  rabbit's  blood  mixed  with  a  small  quantity  of  sterile 
citrate.  It  is  important  to  make  quite  certain  that  the  blood  is  taken 
from  a  healthy  animal,  blood  from  a  rabbit  suffering  from  coccidiosis  is 
fatal  to  the  bugs  and  the  parasites  alike. 

One  observer  now  prepares  the  feeding  mixture  by  drawing  up  the 
water  of  conden.sation  from  the  culture  tubes  under  strictly  nterile  condi- 
tions, placing  it  in  a  sterile  glass  vessel.  A  fixed  quantity  of  rabbit's 
blood  is  now  added  to  it  and  the  fluid  is  thoroughly  mixed.  A  loopful  is 
examined  in  a  hanging  drop  in  order  to  note  the  condition  and  number  of 
the  parasites.  Another  observer  now  proceeds  to  remove  the  skin  of  the 
rabbit  which  ls  first  killed  by  an  air  embolus.  The  skin  on  one  side  is 
rapidly  reflected,  and  an  assistant  then  places  the  flanged  end  of  the 
prepared  cylinder,  having  first  removed  the  cotton  plug  against  the  skin 
which  is  tied  over  the  tube  with  S(.me  thread.  The  skin  is  now  cut  away 
round  the  tube,  and  in  this  way  the  ends  of  as  many  tubes  as  are  required 
are  covered  with  .skin,  the  hairy  surface  being  outermost.  The  tubes  are 
now  fixejl  to  the  test  tubes  containing  the  bugs,  first  being  careful  to 
draw  up  the  filter  paper  to  the  mouth  of  the  tube  ;  the  bugs  now  have 
free  access  to  the  hairy  side  of  the  skin.  The  feeding  tube  i:.  now  pipetted 
into  the  other  end  of  the  tube  with  sterile  precautions,  and  the  cotton 
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plug  ifpliifed.  It  is  iiiiportaiit  t;j  I'iiturb  the  liugs  before  arranging  the 
feeding  tube,  and  this  is  best  done  by  transferring  them  from  the  tube 
they  have  been  kept  into  another  similar  one  ;  they  will  begin  feeding  all 
the  sooner  if  this  is  done.  The  tube  i;;  now  fixed  to  the  test  tube 
containing  the  bugs  by  strips  of  plastcconc.  The  whole  arr.ingcment  is 
shown  in  the  text  figure 


After  having  dissected  a  large  number  of  bugs  fed  on  cultures  of 
H.  tropica  and  H.  donovnni  in  the  way  described  above,  we  have  found 
that  in  a  certain  percentage,  often  a  very  large  percentage,  contained  dead 
parasites  in  their  midguts.  For  a  long  time  we  failed  to  discover  the 
reason  for  this  until  it  occurred  to  us  that  the  bugs  had  actually  sucked  up 
dead  parasites  from  the  cultures,  and  that  they  had  not  died  on  entering 
their  midguts.  In  preparing  the  culture  fluid  it  will  be  remembered  that 
all  the  water  of  condensation  is  drawn  up  from  the  tubes  and  then  mixed 
witii  the  rabbit's  blood.  On  examining  this  fluid  we  often  noted  that 
there  were  a  large  number  of  dead  parasites.  Now  if  the  feeding  fluid  is 
not  well  shaken  up  when  the  bugs  are  feeding  the  dead  parasites  sink  to 
the  bottom,  and  naturally  they  are  the  first  to  be  ingested  by  the  bugs 
when  they  insert  their  proboscides  through  the  skin.  Even  with  vigorous 
and  continuous  shaking,  while  the  bugs  are  feeding,  they  cannot  but  help 
sucking  up  a  large  number  of  dead  flagellates  which  are  always  tending 
to  sink  to  the  bottom  of  the  tube  on  the  side  of  the  skin  nearest  to  the 
bugs.  In  order  to  get  over  this  difficulty,  we  have  gradually  evolved  a 
different  and  much  more  satisfactory  method  of  growing  the  parasites. 
About  48  hours  after  the  culture  tubes  for  the  intended  feeding 
experiment  are  sown,  they  are  sloped  so  that  the  fluid  of  condensation 
containing  the  young  growing  flagellates  spreads  over  the  blood  agar 
slope,  and  when  all  the  fluid  has  evaporated,  the  jjarasites  will  be 
found  growing  luxuriantly  on  the  agar  in  minute  colonies  which  are 
clearly  visible  when  in  large  numbers  as  a  moist  film.  It  is  only 
necessary  to  take  a  light  scraping  cflt  the  surface  of  the  agar,  and  to 
place  it  in  a  drop  of  saline  to  note  that  the  paresite s  are  in  a  vigorous 
condition,  exhibiting  all  the  various  changes  in  growth  and 
multiijlication  ;     and  more    important    still    there  are   not  nearly  so 
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many  dcitl  flagellates.  When  tlio  jjiowtli  on  the  agar  is  found  to  be  at 
its  optimuni  jKiint,  and  has  CDveretl  almost  the  whole  surface  of  the  agar 
slope,  all  the  fluif'  of  condensation  having  evaporated,  a  (i.\e<l  quantitv  of 
human  bloo<'.  mixed  with  some  sterile  sodium  citrate  is  run  into  the  tubes, 
and  with  a  platinum  loop  the  colonies  are  lightly  scrajwd  off  the  surface  of 
the  agarand  mixed  with  the  blood..  The  niixtuie  is  then  pipetted  up  and 
placed  in  the  feeding  tube  as  described  above.  By  this  modification  of 
the  original  technique  we  have  been  able  to  infect  bugs  with  many  more 
linng  flagellates.  As  the  room  temperature  in  Coonoor  is  at  all  times 
well  below  2o\\  there  was  no  necessity  of  placing  the  bugs  in  a  cold 
incubator. 

A  large  number  of  bugs  were  infected  and  one  or  more  were 
examined  every  day.  Each  bug  was  dissected  in  a  drop  of  saline. 
The  midgut  on  being  severed  from  the  oesophagus  and  hind 
intestine  was  transferred  to  another  drop  of  saline  and  opened  to 
allow  the  contents  to  escape  into  the  saline.  This  was  then  examined 
under  a  l-6th  objective  in  the  fresh  condition  and  the  number 
and  condition  of  the  motile  flagellates  noted ;  the  same  was  done 
in  the  case  of  the  hind  intestine  and  rectum.  Each  drop  of  saline 
containing  the  contents  of  the  various  parts  of  the  alimentaiy  tract 
were  lightly  smeared  out  on  the  slides  with  a  small  piece  of  coverslip 
fixed  in  absolute  alcohol  and  then  stained  with  Eomanowsky's  stain.  It 
was  noted  that  only  the  active  flagellates  could  be  recognised  in  the  fresh 
condition  and  that  most  of  the  smaller  forms  and  particularly  those 
without  flagella  could  not  be  detected  with  certainty  ;  these  are  best  seen 
in  stamed  preparations.  This  is  particularly  so  in  the  case  of  the  contents 
of  the  hindgut  and  rectum  which  always  contain  a  black  granular  fluid 
which  obscures  everything.  Particular  care  was  taken  to  examine  the 
Malpighian  tubes  and  the  salivary  glands,  but  we  have  never  been  able 
to  find  any  parasites  in  these  organs. 

The  Behavioir  of  the  Par.vsite  in  the  Adi  lt  Big. 

A  large  number  of  ad.ult  buj;s  were  fed  on  a  culture  of //./»"/""' in 
the  way  described  above,  and  were  not  re-fed. 

Bug  1.  Digserled  18  hours  aj/er  the  feed.  The  niidjiut  contents 
in  the  fresh  condition  contained  unchanged  rot  blood  cells  and  a  large 
number  of  highly  motile  flagellates  j'articularly  long  sickle-shaped  forms 
which  swam  in  the  fluid  with  great  rapidity.  There  were  also  many 
clumps  of  what  appeared  to  be  dividing  forms  and  many  motionless 
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parasites  which  were  regarded  as  dead.  The  hind  intestine  and  rectal 
contents  showed  a  few  active  flagellates  and  it  is  interesting  to  note 
that  the  parasite  reaches  the  rectum  after  an  interval  of  24  hours. 

Figures  1  to  33  on  Plate  XX,  illustrate  forms  of  the  parasites  seen  in 
the  stained  smear  of  the  contents  of  the  midgut.  Aii  examination  of  the 
figures  shews  thatin  addition  to  the  long  sickle-shaped  flagellates  referred 
to  above  there  are  round  forms  with  short  flagella  and  some  without  any 
flagella.     Many  of  the  parasites  were  undergoing  division. 

Figures  1,2,  3  and  6,  Plate  XX.  illustrate  some  of  the  round  flagellates 
with  short  flagella  ;  Figs.  4  and  5,  Plate  XX,  round  or  oval  forms 
without  any  flagella  ;  Figs.  7,  8,  9,  10  and  33,  Plate  XX  short  forms 
in  active  stages  of  division,  and  Figs.  13,  14,  15,  17,  18,  19,  26  and  29, 
Plate  XX.  longer  forms  undergoing  the  same  process.  Fig.  22,  Plate 
XX,  illustrates  one  of  the  long  sickle-shaped  flagellates  which  are 
extremely  motile  swimming  backwards  and  forwards  in  the  fluid 
contents. 

Figures  35  to  48,  Plate  XX,  inclusive,  illustrate  some  of  the  flagellates 
seen  in  the  stained  smear  of  the  hind  intestine,  and  it  will  be  noted  that  in 
addition  to  the  long  forms  there  were  round  and  oval  forms  and  small 
flagellates  some  of  which  are  dividing.  In  Figs.  49  to  54,  Plate  XX  are 
shown  some  of  the  flagellates  seen  in  the  smear  of  the  rectum.  Although 
there  were  many  long  active  flagellates  which  are  not  illustrated,  the 
round  and  oval  and  small  forms  shown  in  the  drawings  were  only  seen  in 
the  stained  smear,  owing  to  the  difficulty  in  detecting  these  forms  among 
the  granular  debris  of  the  rectum.  It  is  interesting  to  note  that  the 
parasite  reaches  the  rectum  of  the  bug  in  24  hours  and  that  there  the 
parasites  may  be  seen  in  process  of  active  division. 

Bug  2.  Dissected  4  dat/s  ajter  the  original  Jeed  on  the  culture. 
The  midgut  was  almost  empty,  and  in  the  fresh  condition  the 
contents  shewed  a  large  number  of  highly  motile  flagellates,  and  parti- 
cularly many  long  sickle-shaped  forms.  Figs.  55  to  65,  Plate  XX. 
illustrate  some  of  these  flagellates  as  seen  in  the  stained  smear.  Fig.  62 
shows  a  group  of  short  flagellates  in  all  stages  of  biniary  fission,  and 
Fig.  63,  Plate  XX,  shows  two  parasites  which  though  not  yet  separated 
are  again  dividing. 

The  hind  intestine  contents  showed  a  large  number  of  active 
flagellates,  the  long  sickle-shaped  forms  partic)darly  predominating. 
The  rectal  contents  similarly  contained  a  large  number  of  these  forms 
some  of  which  arc  illustrated  in  Figs.  66  to  74.  Plate  XX. 
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ling  3.  Dtssetted  G  daifs  after  the  oritjhial  jeed  on  the  culture.  Tlu> 
iiiiflpiit  containeil  a  few,  the  hindgiit  and  rectum  many,  inotionless 
flagellates  which  were  apjmrently  dead*  It  is  quite  coninion  to  find 
this  condition  in  bugs  fed  on  cultures  of  the  parasites  and  the  only  explana- 
tion we  can  offer  -s  that  these  bugs  hat'  sucked  u|)  dead  jwrasites. 

Bug  4.  Dissected  fi  daifs  ajler  the  orioiiial  Jeed  on  the  culture.  Tin' 
niidgiit  was  empty  and  when  teased  up  in  the  saline  and  examined 
inthefreshcondition,  a  few  active  flagtllatcsj  and  some  dead  oney  were 
seen.  Some  of  the  foims  seen  in  the  stainrd  smear  are  shown  in  Figs. 
75  to  78,  Plate  XX.  Fig.  75,  Plate  XX,  shows  a  long  thin  sickle-shaped 
flagellate,  and  Fig.  78  a  group  of  young  dividing  forms.  The  contents 
of  the  hii  d  intestine  contained  many  active  flagellates,  and  some  of 
the.se  are  illu.«trated  in  Figs.  70  to  88,  Plate  XX  ;  they  were  mostly  short, 
round  or  long  flagellates  about  to  divide.  The  contents  of  the  rectum 
contained  a  very  large  number  of  highly  motile  flagellates,  .some  of  which 
are  shown  in  Figs.  80  to  97.  Plate  XX.  It  will  be  noted  that  there 
were  many  small  flagellate.';  with  short,  .stout  flagella  as  sliown  in  the 
figures. 

Bug  5.  Dissected  6  dui/s  ajter  the  original  Jeed  on  the  culture. 
No  li\nng  flagellates  were  seen  in  the  contents  of  the  midgut  of  this 
bug,  but  the  hind  intestine  was  very  full  of  active  parasites,  particularly 
the  long  sickle-shaped  form*;.  The  rectal  contents  contained  a  few  active 
flagellates.     No  smears  were  made  of  the  contents. 

Bug  6.  Dissected  8  days  ajter  the  original  Jeed  on  the  culture- 
The  midgut  was  empty,  but  when  teased  up  in  the  saline  and 
examined  in  the  fresh  condition  a  few  active  flagellates  were  seen  ;  there 
were  also  some  apparently  dead  forms.  In  Figs.  98  to  104,  Plate  XX, 
some  small  flagellates  from  this  smear  of  the  midgut  are  illustrated. 
Fig.  101,  Plate  XX  shows  a  degenerated  round  parasite,  the  nucleus 
has  broken  up  and  now  only  consists  of  a  number  of  dark  .staining 
granules. 

The  hind,  intestine  contents  contained  a  largo  number  of  active 
flagellates  of  all  shapes  auf'  sizes,  manv  of  these  are  illustrated  in  Figs. 
10."!)  to  129.  P!ate  XX.  Several  of  the  round  or  oval  parasites  are  seen, 
many  with  only  a  small  tag  of  the  flagellum  left  attached  to  the  margin. 
These  forms  appeared  to  j)re('ominate  in  the  hind  intestine  of  this  bug. 
Fig.  129,  Plate  XX,  illustrates  very  long  sickle-shaped  flagellates 
undergoing  division.  In  the  rectal  contents  there  were  a  very  large 
number  of  highly  motile  flagellates,  many  of  tht   lifferent  types  of  which 
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are  illustrated  in  Fig'*.  130  to  166,  Plate  XX.  The  long  flagellates  were 
particularly  plentiful,  as  well  as  small  forms  with  or  without  flagella. 
Figs.  137  to  151,  Plate  XX  illustrate  some  of  the  latter  under^coing 
simple  biniary  division. 

Bug  7.  The  midgut,  liiiu'gut  and  rectum  of  this  bug  were 
cultured. 

Hug  8.  Dissected  10  dai/s  ajler  Jeed  on  the  original  culture. 
Thi'  mi('gut  was  empty  only  containing  a  few  air  bubbles.  When 
tea.sed  up  in  a  droji  of  saline  solution  a  few  active  flagellates  were  seen  in 
the  fresh  condition.  A  short  flagellate  seen  in  the  stained  smear  is  shown 
■in  Fig.  167.  Plate  XXI.  The  hind  intestine  contained  very  little 
digested,  blood,  when  teased  up  many  short  flagellates  and  long  sickle- 
shaped  forms  were  seen  actively  moving  about  in  the  fluid.  The  rectal 
contents  were  very  full  of  active  flagellates,  many  of  which  are 
illustrated  in  Fig.''.  168  to  20.5,  PL^te  XXI  ;  these  include  short  forms 
with  or  without  flagella,  short  flagellates  and  long  forms  undergoing 
division. 

Bug  9.  Dissected  12  dni/s  after  feed  on  the  original  culture. 
The  contents  of  the  midgut  and  hind  intestine  when  teased  up  in 
the  fresh  condition  did  not  contain  any  parasites.  The  rectum  was  full  of 
digested  blood  which  contained  many  active  flagellates;  when  the  smear 
was  stained  many  round  forms  were  seen  some  of  which  are  illustrated 
in  Figs.  206  to  217,  Plate  XXI.  Fig.  207,  Plate  XXI,  shows  a 
very  small  round  form  like  those  seen  in  smears  from  a  sore. 

Bugs  10,  11  and  12.  The  midguts,  hind  intestines  and.  recta  of 
these  bugs  were  cultured. 

Bug  13.  Dissected  16  days  ajter  the  feed  on  the  original  culture 
The  midgut  was  empty  except  for  some  bubbles  of  air.  A  few  active 
flagellates  mostly  small  forms  were  seen  in  the  fresh  condition.  The 
hind  intestine  contents  in  the  fresh  condition  were  literally  swarming 
with  flagellates,  and  many  of  the  forms  seen  in  the  stained  smear  are 
illustrated  in  Figs.  218  to  247,  Plate  XXI.  The  rectum  contained  a 
few  active  flagellates,  three  of  which  are  shown  in  Figs.  2'16  to  248  . 
Plate  XXI. 

Bug  1-1.  The  mi('gut,  hind  intestine  and  rectum  of  this  bug  were 
cultured. 

Bug  15.  Dissected  19  days  ajitr  Jctd  en  culture.  The  midgut 
was  empty  and  no  flagellates  were  seen  when  it  was  teased  up  in 
saline  solution.     The  hindgut  contents  ccntained  a  large  number  of 
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jutive  flagellates,  soiuf  of  whiili  are  iilustiateil  in  Figs.  2.")ll  m  200, 
riate  XXI. 

The  remaiuing  bugs'  aliinentarj'  tracts  were  cultured. 

Adult  bug  Jed  on  cultures  on  '2iid  .iut/u.il,  and  rvjed  on  liiniinii  liUmd 
on  Sih  August.  Dissected  Gdai/s  ajler  original Jeed  on  the  culture  and 
two  days  njter  the  clean  feed  of  human  blood.  Midgut  full  of  young 
growing  flagellates  forming  ror.ettes  an(l  group f.  also  nu»ny  long  highly 
motile  flagellates.  The  stained  smear  showid  a  very  large  number  of 
the-se  forms  in  all  stages  of  growth  and  division.  A  few  of  these  are 
illustrated  in  Figs»  261  to  289,  Plate  XXI. 

No  further  dissections  were  carried  out. 

From  these  observations  of  the  behaviour  of  the  parasite  in  the 
alimentary  tract  of  Cimex  heiniptera  we  feel  justified  in  drawing  the 
following  conclusions  : — 

1.  When  an  adult  bug  is  fed  on  cultures  of  Herpttomonus  tropica  the 
fl  igellites  ])ass  down  to  the  rectum  of  the  bug  where  they  cnn  be  found 
in  the  living  condition  "it  hours  after  the  feed. 

2.  In  microscopic  preparations  the  i)arasites  can  be  found  in  the 
alimentari-  tract  of  the  bug  as  late  as  the  nineteenth  ('ay  after  the  feed. 

3.  From  microscopic  examinations  alone  it  would  apjjear  that 
the  jjarasite  disappears  from  the  midgut  of  the  bug,  if  it  is  not  re-fed 
after  the  original  feed  on  the  culture. 

4.  If  a  bug  is  re-fed  again  on  clean  human  blood  after  a  short 
interval,  a  large  number  of  round  giowing  flagellates  appear  in  its 
midgut  contents,  and  these  by  n)ultii)lyiiig  ])ro(luce  an  intense 
infection. 

Having  ascertained  these  facts,  we  realised  that  by  examining  the 
contents  of  the  alimentary  tracts  of  infected  bugs  microscopically,  there 
is  little  chance  of  di.scovering  how  long  the  parasite  can  live  in 
them  unless  we  know  where  it  finally  rounds  up.  Further,  as  such 
examinations  are  extremely  tcdirus  and  would  take  a  long  time  to 
accomplish.  We  decided  to  .stop  further  microscopic  examinations,  but 
in.stead  to  culture  the  various  parts  of  the  alimentary  tract  of  bugs 
fed  on  cultures  on  the  NNN  medium.  To  cany  this  out  with  any 
hope  of  success  it  was  necessary  to  devise  a  suitable  technique  in 
order  to  obtain  cultures  free  from  bacteiia.  After  many  failuie,",  it 
was  found  that  by  first  dipping  a  bug  in  ether  for  a  few  t^ecomis  ai.d 
then  brushing  both  surfaces  of  its  body  in  80  percent  carbolic  acid 
with    a  Bterile    brush,    all    surface    bactnia    were    removed.     It    was, 
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however,  first  necessary  to  find  the  length  of  time  the  bug  could  be 
immersed  in  80  per  cent  carbolic  without  the  parasites  being  destroyed  in 
its  alimentary  tract.  We  found  that  by  placing  infected  bugs  for  two 
minutes  in  80  per  cent  carbolic  we  could  still  obtain  cultures  of  the 
parasites  from  the  various  parts  of  the  alimentary  tract  ;  it  was  clear 
the  carbolic  during  this  time  does  not  penetrate  to  the  alimentary 
tr;xt  of  the  bug  and  destroy  the  [parasites. 

After  brushing  the  bug  thoroughly  in  the  carbolic,  an  ojoeration 
which  only  lasts  about  a  minute,  the  bug  is  washed  in  five  changes 
of  sterile  saline  solution  in  order  to  remove  all  tracea  of  carbolic.  The 
bug  is  now  placed  on  a  flamed  slide  in  a  drop  of  .sterile  saline  .solution, 
and  the  various  parts  of  the  alimentary  tract  are  dissected  out  with 
sterile  needles,  isolated  and  at  once  transferred  to  tubes  of  NNN  medium. 
They  can  either  be  lifted  up  on  a  platinum  needle,  or  better  still 
sucked  up  in  a  sterile  glass  pipette  of  suitable  bore.  This  technique  has 
given  us  reliable  results  and  we  can  confidently  recommend  it. 

We  have  in  this  way  cultured  the  alimentary  tracts  of  bugs  fed 
on  cultures  of  Herpetomonas  tropica,  and  have  obtained  the 
following  results  :  — 


Adult  bugs  fed  on  cultures  of 

H.   tropica  and  not  re-fed  ; 

cultured  on  varying  days 

after  the  feed. 


Midgut     +   up  to  23  days 

Hind  in- 
testine -f  up  to  23  days 

Rectum    -f  up  to  23  days 


Adult  bugs  fed  on  culturejl     iNyniphs  fed  on  cultures 

and  re-fed  on  clean   blood     and  re-fed  on  clean  blood 

at  short  intervals.  \         at  short  intervals. 


Midt;ul.   +   on  34  days 

Hind  iu- 

testiue-  -f   on  44  days 

Rectum  +  on  34  days 


Midgut     +  31  days. 


Bind  in- 
testine 


36  days. 
Rectum   -f  36  days. 


Larv*  fed  on  cultures  and  rc-fed  on  clean  blood  at  short  intervals. 
Midgut  on  9th  day. 

It  will  be  noted  from  these  results  that  H.  tropica  can  live  for  23 
days  in  the  alimentary  tract  of  starved  bugs  ;  for  34  days  in  the  stomach 
of  re-fed  adult  bugs ;  44  days  in  the  hind  intestine  and  34  days  in 
the  rectum.  It  can  live  for  31  days  in  the  midgut  of  a  re-fed 
nymph  ;  3(J  days  in  the  hind  intestine  and  rectum  ;  and  for  at  least 
nine  days  in  the  midgut  of  a  bug  fed  as  a  larva. 

We  believe  these  results  by  no  means  represent  the  extreme  limit 
of  time  the  parasite  can  live  in  the  alimentary  tract  of  the  bug   under 
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varvins  conditions.  \Vt>  foci  smv  if  t  lies"  ohservations  arc  rcpcatnl 
it  will  be  foiuul  that  the  parasite  can  live  for  several  niontlis. 
By  adopting  this  technique  it  would  l)e  possible  to  find  the  part  of  the 
alinientarv  tract  in  which  the  bug  can  live  for  long  periods.  We  have 
found  the  •  thick  tail"  of  Cornwall  on  many  occasions  both  in  the 
niidgiit  and.  hind  intcftine  of  bugs  fid  on  cultures,  but  we  have  not 
followed  out  the  fu.ther  changes  tindergone  by  it.  In  our  o])iniou 
these  results  go  a  long  way  in  supporting  the  hypothesis  that  the  bug 
Ciiiiex  hemipleni  is  the  tiue  iuvt  rtebrate  host  of  Ucrpclnmitinis 
tropiai  in   Irdia. 

Xole  b>i  the  Senior  Author.  H'mce  the  above  was  written,  several 
inontiis  ago,  I  have  been  able  to  confirm  Mr;-..  Adie's  discovery  of  the 
intracellular  stage  of //fcyWojHoHffs  rfo/wr((»(  in  the  cells  of  the  midgut 
of  Cimex  hemiplera.  By  utilising  a  simple  technique  I  h  ve  foui\d 
that  H.  tropica  has  a  similar  intracellular  stage  in  the  cells  of  the  midgut 
of  Cimex  hemiplera.  From  what  I  have  now  seen  of  this  stage, 
it  is  quite  clear  that  many  of  the  jiarasites  illustrated  in  the  Plates 
XX  and  XXI  accompanying  this  pa])er,  represent  various  phases 
following  on  this  stage.  In  examining  the  contents  of  the  alimentary 
tracts  of  the  bugs,  the  midgut,  hind  intestine  and  rectum  were  teased 
up,  and  there  can  be  very  little  doubt  most  of  the  intracellular  forms 
were  in  this  way  liberated. 

1  hope  on  another  occasion  to  give  a  detailed  de.scription  of  the 
intracellular  stage  and  the  development  of  the  parasites  resulting  from 
it  ;  and  to  demonstrate  the  flagellates  in  the  cells  in  sections,  in 
any  case  this  discovery  of  this  stage  in  the  extra -corporeal  life  history 
of  //.  tropica  conclusively  proves  that  Cimex  hemiptera  is  the  true 
invertebrate  host  of  the  parasite,  a  conclusion  which  I  arrived  at  in 
1910  in  Canibay. 
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It  will  be  remembered  that  one  of  us  has  described  the  development 
of  the  parasite  of  kala-azar  (Herpetomonas  donovam)  in  the  bed  buj;, 
Ciinex  hemiptera.  from  the  unchanged  condition  as  found  in  the  peripheral 
blood  to  the  flagellate  stage,  and  later  to  the  rounding  up  of  this  stage. 
These  experiments  were  carried  out  in  Madras  by  feeding  bugs,  mostly 
adults,  once  on  the  peripheral  blood  of  patients,  films  of  which  contained 
a  large  number  of  parasites.  It  was,  however  found  that  if  the  bugs 
containing  the  flagellate.s  were  re-fed  on  human  blood,  most  of  them 
disappeared,  either  being  destroyed  by  the  blood  or  by  being  engulphed 
bv  the  leucocytes,  but  in  a  few  of  the  bugs  the  parasites  could  still  be 
(     2.W     ) 
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fouiul  in  small  miiiibers.  Tlu'se  few  jmrasites  nro  vpiv  (litlicult  to  tiiul, 
es|)ecially  if  they  are  in  a  round  noii motile  stage,  either  in  fresh  or  stained 
speeiinens  of  the  contents  of  the  alimentary  tract,  iiartiinlarly  in  that  of 
the  hindgut  or  intestine.  It  seemed  then  very  necessary  to  trv  antl  find 
how  long  the  [Minisite  could  persist  in  the  alimentary  tnict  of  the 
bug. 

As  we  were  not  able  to  feed  bugs  on  kala-azar  patients  we  decided  to 
feed  them  on  cultures  of  the  parasite  as  described  in  another  paper,  and 
to  culture  the  various  parts  of  the  alimentary  tract  at  varying  intervals 
after  the  infectetl  feed.  We  realiswl  that,  by  this  method,  we  would  bo 
certain  to  detect  whether  any  given  bug  was  infected  at  the  time  its 
alimentary  tract  was  cultured.  Whereas  if  the  bug  were  examined 
microscopically,  there  would  be  less  chance  of  finding  the  parasite. 
Accordingly,  a  large  number  of  bugs,  in  all  stages,  were  finl  on  culture^', 
and  dis.sected  at  intervals.     We  have  obtained  the  following  results  : 

1.  Adult  bugs  fed  on  cultures  showing  actively  dividing  flagellates, 
the  bugs  not  re-fed  again.  Their  midguts,  hind  intestines  and  recta 
cultured  on  the  NNX  medium. 

The  midgut  of  one  of  the.se  bugs  gave  a  jjositive  result  on  the  ;51st  dav 
after  the  infected  feed,  the  hindgut  and  rectum  of  another  ou  tli(>  :Vlth 
day. 

2.  Bugs  fed  on  culture;  showing  actively  dividing  tlagellntes.  the 
bugs  re-fed  at  intervals  on  clean  human  blood.  Their  midguts,  hindguts 
and  recta  cultured  on  the  NNN  medium. 

The  midgut  of  an  adult  bug  gave  a  positive  culture  on  the  ll.st  day 
after  the  infected  feed,  and  with  .six  succeeding  feeds  of  clean  human 
bl(Kxl.  The  hindgut  of  another  bug,  fed. as  above,  gave  a  positive 
culture  on  the  34th  day  after  the  infected  feed.  A  bug  fed  as  a  nymj)h 
on  a  culture  was  dis.sected  and  its  midgut,  hindgut  and  rectum  gave  a 
jwsitive  culture  on  the  31th  day  after  the  infected  feed. 

It  will  be  noted  from  these  results  that  Herpetomoiiti.<i  (loiii)riini  vnu 
live  as  long  as  41  davs  in  the  midgut  of  Cimex  liemiplero,  even  though  the 
bug  be  fed  si.x  times  on  clean  human  blood  after  the  one  iiifecte<l  feed. 
Though  we  are  not  in  a  position  to  say  what  stage  the  panisite  was  in  at 
the  time  it  was  cultured,  there  could  be  no  doubt  it  was  in  a  living 
condition  and  could  infect  a  tube  of  NNN  medium.  Although  in  the 
majority  of  the  bugs,  we  were  unable  to  recover  the  parasite  by  cultures 
in  this  one  bug  the  infection  persisted  after  41  days.  It  is  very  evident 
that  //.  (ionoiyini  can  live  in  the  midgut  of  the  bug  for  a  long  time,  iin<l 
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even  in  spite  of  snccessive  feeds  of  blood.  We  have  little  doubt  that 
when  these  experiments  are  repeated  it  will  be  found  that  the  parasite 
can  survive  even  longer. 

In  concluding  these  studies,  we  might  point  out  that  we  have 
cultured  the  alimentary  tracts  of  1,233  bugs,  for  the  most  part  using 
three  tubes  of  NNN  medium  for  each  bug.  These  experiments  have 
conclusively  proved  that  the  alimentary  tract  of  the  bug  is  in 
nature  absolutely  sterile.  All  the  contaminations  were  the  result  of 
bacteria  from  the  bodies  of  the  bugs  infecting  the  saline  in  which 
they  were  dissected.  Further,  the  senior  author  has  dissected  many 
thousands  of  bugs  during  the  last  15  years,  and  has  never  once  found 
bacteria  in  any  part  of  the  alimentary  tracts  of  bugs  fed  on  human 
blood  in  the  natural  way.  Bacterial  sterility  is  an  important  factor  in 
connection  with  the  extra-corporeal  development  of  H.  donovani,  and 
thus  it  is  the  parasite  is  able  to  live  and  multiply  in  the  alimentary 
tract  of  the  bug.  The  alimentary  tract  of  Pulex  iritans,  on  the  other 
hand,  is  frequently  contaminated  with  bacteria.  It  will  be  readily 
understood  how  this  is  brought  about  when  we  remember  that  its  larva 
feeds  on  dirt  of  all  kinds. 
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DmrxG  the  latter  half  of  1919  up  to  the  end  of  1920  I  have  had  an 
opportunity  of  carr>ing  out  feeding  experiments  with  bed  bugs  Citnex 
rotundfilus  (Sig.)  and  C.  leclularim  (Lin.)  in  the  kala  azar  hospital  at 
Shillong. 

The  feeding  material  used  was  spleen  juice  mi.xed  with  the  patient's 
blood.  The  spleen  puncture  was  made  for  diagnosing  the  disease  and 
the  cases  were  not  under  treatment. 

A  complete  report  on  the  findings  is  under  preparation  but,  for  the 
interest  of  other  workers,  I  submit  this  short  note  with  figures  showing 
developmental  forms  observed  in  the  spleen  juice  and  their  further 
development  in  the  alimentary  tract  of  Cimex  leduUtrius  (Lin.) 

The  cycle  as  observed  by  me  presents  the  following  series  of  forms  : 

I.        DeVELOPMEXT    IX    THE    HIM.4X    SI'LEEX. 

In  the  spleen  there  are  large  intra-celJular  parasites  dividing  by 
multiple  fission  producing  torpedo-shaped  merozoites  which  can  lie 
seen  leaving  heavily  infected  broken-down  cells  in  large  numbers _ 
Plate  XXIII,  Fig.  2,  illastrates  a  stainwl  specimen.  These  are  then 
to  be  found  in  other  spleen  cells  developing  and  dividing,  setting  free 
still  smaller  merozoites  which  are  to  be  seen  extraccUularly, 
Plate  XXllI,  Fig  1,  illustrates  this. 

J,  MB  (     255     )  ^ 
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It  is  probably  these  second  generation  morozoites  wliic-Ii  are  to  be 
loui  d  in  leucocytes  in  the  peripheral  blood  where  they  grow  a.m\  develop, 
,"11(1  it  is  undoubtedly  these  foims  which  dcveloj)  in  the  alimentary  tract 
of  buf^s  fed  on  spleen  juice. 

It  might  be  pointed  out,  in  this  connection,  that  my  observations 
seem  to  prove  that  injection  experiments  in  animals  from  flagellate  cul- 
tures are  far  less  likely  to  give  results  than  direct  spleen  juice  injections. 
Any  success  resulting  from  injection  of  flagellate  cultures  into  animals 
f'.epeiu's  entirely  (in  tlic  picseiuc  of  prcflagellate  forms.  It  is  therefore 
clear  tiiat  the  chances  of  infection  are  considerably  lessened  by  using 
cultures  instead  of  sj)leen  juice  direct. 

II.     The  Development  in  the  stomacTh  of  the  bug.  ]    ^  ' 

These  small  merozoites,  which  have  been  observed  in  the  spleen 
,s«attered  about  extra-cellularly,  are  to  be  seen  in  the  bug's  stomach, 
eight  hours  after  a  feed,  collected  together  in  groups.    Plate  XXIII,  Fig.  1 . 

They  grow  and  nuiltiply  by  binary  fission  and  later  flagellate.  The 
size  of  the  rosettes  thus  formed  depends  on  the  number  of  parasites 
collected  together  in  the  original  group.  At  varying  periods  (depending 
on  various  factors,  such  aa  amount  of  blood  ingested  by  the  bug, 
temperature  conditions,  the  degree  of  ififection,  etc.)  flagellates,  freed 
from  rosettes,  can  be  seen  visitLng  many  parts  of  the  gut  wall  trying,  ap- 
parently, to  find  a  suitable  passage  for  entry  into  cells.  Eventually,  their 
object  is  attained,  and  they  disappear  from  view.  They  remind  me  of 
bees  visiting  flowers  in  search  of  honey.  This  phenomenon  was  noticed 
by  me  early  in  the  investigation  and  suggested  the  possibility  that  the 
parasites  had  penetrated  the  cells. 

Later,  I  was  able  to  observe  flagellates  boiing  and  burrowing  into 
cells  by  their  posteiior  ends.  Some  substLiice  drawn  from  the  host  cell 
appears  to  be  sucked  into  the  parasite,  expanding  the  ectoplasm  and 
forming  a  capside  which  completely  surrounds  the  flagellate  but  does  not 
obscure  it. 

Through  the  transparent  capsule  the  flagellate  can  be  clearly  seen  to 
curl  and  twist  and  finally  to  roll  up  with  the  flagellum  folded  round  it. 
The  capsule  at  this  stage  has  become  spherical ;  protrusions  are  thrast 
out,  caused  by  the  waving  of  the  enclosed  folded  flagellum.  It  isdifiicult 
to  see  further  development  in  the  fresh  specimen,  as  the  parasite  burrows 
down  the  cell,  and  one  has  to  focus  down  in  order  to  follow  the  roimding- 
up  process. 
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However,  in  encajxsulatc<)  jiarasites  ])ro.s.sefl  out  of  the  cells  in  an 
accident  of  dissection  still  further  changes  can  he  r.eeii  to  fake  place.  In 
encajxsuled  forms  freed  from  the  cell  early  in  development  the  parasite, 
after  a  time,  degenerates.  It  can  he  seen  to  curl  an(l  uncurl  repeatedly  as 
the  flagellum  is  extended  and  withdrawn  (sec  the  stained  specimen 
Plate  XXII,  Fig.  Fl).  The  cap.iule  hecomes  swollen  and  the  hoc'y  finallv 
becomes  an  e.xtraordinary,  writhing,  wriggling  mass  of  coils.  It  grows 
to  a  colo.s.s3l  size  and  finally  disintegrates.  Probably  this  i..  a  variety 
of  one  of  Col.  CornwalTs  '  Thick  tails.' 

If,  on  the  other  hand,  the  rounding-up  stage  has  been  fully  attained 
intra-cellularly  and  the  parasite  is  then  pressed  out  of  the  cell,  nuclear 
changes  can  be  .seen  to  take  place,  resulting  in  the  development  of  new 
flagellates.  In  fully  developed  spheres  the  flagellates  can  be  c'earlv  seen 
writhing  and  wriggling  over  each  other  within  the  ci>p°wie  which,  at  this 
stage,  sj  ios  round  rather  like  a  top  nearing  tne  end  of  it.s  gyration. 
Flagella  are  seen  to  be  extruded  and  the  sphere  bursts  setting  free  the 
enclosed  flagellates. 

At  this  point  one  of  two  courses  is  taken  by  tin'  flagellates.  In  the 
ca-seofaheaN-ilvinfected  cell  in  whichall  theavailable  nutriment  has  been 
exhausted  the  flagellates  set  free  from  the  s])here-;  are  seen  to  penetrate 
other  cells  and  go  through  the  .same  development.vl  changes  as  are 
described  above. 

On  the  other  hand,  in  less  heavily  infected  cells,  I  have  observr*'  the 
occurrence  of  .syngamy  which  I  shall  describe  pre.sently. 

Some  of  the  flagellates  have  a  single  niacro-nucleur.,  others  have 
two.  In  the  heavily  infected  cell  the  size  of  the  spheres  and  the  nundter 
of  flagellates  varies  according  to  the  available  space  permitting  develop- 
ment. A  large  sphere  may  contain  as  many  as  16  and.  a  small  sphere  as 
few  as  4  or  5  flagellates.  In  fresh  preparations  empty  sheaths  can  some- 
times be  seen. 

Plate  XXII,  Figs.  Fl  F2.  F;3.  FO,  F8,  FIO,  Fll.  Fl-',  show  \hr 
sphere  burst  ami  escape  of  flagellates,  while  Plate  XXII,  Figs.  Dl.  l)(i 
D23.  D24,  D16.  illvLstrate  the  double  inacrc-nucleus. 

III.    Appe.\raxce.s  suggestive  of  syngamy. 

Conjugation  between  free    flagellates    has    been   ob.served    to   fake 

place  inside    cells.     Such    forms   are    seen    to   approach  one    ."MMiflur  ; 

the    chromatin    becomes    scattered  ;    cytoplasmic    fusion   takes    jiluce 

followed  by   nuclear    fusion.     Some    of   the  cgnjugation  forms  might 
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be  taken  for  dividinii  forms  it  they  had  not  been  seen  to  approach  and 
fuse. 

Plate  XXII,  Figf.  A2,  A4,  A)0,  AH,  12,  14.  show  early  conjugation 
forms. 

Two  flagellates  have  been  observed  to  ap])roach  and  fu.se  end  on.  A 
capsule  forms  enclosing  them  taking  the  contours  of  the  ffagellura  of  one 
parasite  and  twisting  with  it  but  spreading  widely  round  the  ifagellum  of 
the  other  which  can  be  seen  waving  independently  inside  the  expanded 
end. 

After  cytoplasmic  fusion  of  the  two  forms  nuclear  changes  occur. 
Flagellates  of  a  type  hitherto  undescribed  are  later  developed  which  can 
be  seen  to  leave  the  cyst.  They  are  long  and  slender,  sharply  pointed 
and  very  granular. 

Plate  XXII,  Figs.  Bf ,  B2,  E2  and  E3  show  these  cystic  forms.  Later 
forms  are  figured  in  E3,  F9,  F4  and  F7.  Freed  flagellates  are  figured  in 
Gl,  G2,  G3.  On  escaping  from  the  cyst,  these  freed  flagellates  coil  and 
uncoil,  straighten  out  and  again  coil.  Their  mode  of  progression  on  first 
escaping  is  rather  like  that  of  halteridium  sporozoites  in  the  Lynchia 
maura. 

Such  forms  are  seen  in  stained  specimens  figured  in  Plate  XXII, 
Figs.  G4,  G5,  G12,  sickle-shaped,  G6,  G7,  G8  annular  forms.  Many  of  the 
latter  link  up  later,  and  are  seen  in  couples  and  groups  as  in  Plate  XXII, 
Figs.  GfO,  Gil,  G12. 

Ultimately  they  withdraw  the  flagellum.  (Plate  XXII,  Fig.  GO)] 
and  become  spherical  as  in  Fig.  G13. 

No  flagellates  have  been  observed  in  the  salivary  glands.  Possibly  a 
raised  temperature  is  necessary  for  an  invasion  of  the  salivary  glands, 
if  it  occurs. 

IV.     Eemaeks. 

From  observations  made,  it  appears  that  the  vegetative  intra-cellu- 
lar  and  propagative  phases  of  Leishman  Donovan  parasites  react  to 
stimuli  and  environment. 

(1)  Rheo-taxis  effects  brought  about  by  the  nutriment  absorbed  by 
the  parasite  ; 

(2)  Thermo-taxis  effects  of  temperature  with  regard  to  increased 
vitality. 

(3)  Chemo-taxis  for  selection  of  suitable  host  cells  and  later  sexual 
attraction.  The  stimuli  are  inter-dependent.  It  has  been  observed  that 
if  the  temperature,  favourable  to  the  highest  pitch  of  vital  activity,  is 
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exceeded,  the  Leishman  Donovan  jmrasite  dies.  Perhaps  this  inuy 
explain  why  kala-azar  Hourishes  in  Assam,  Madras,  the  Mediterranean 
and  other  regions,  where  theoptimnni  temperature  is  nut  exceeded  for 
prolougetl  periods. 

lu  the  Punjab,  the  disease  would  be  unlikely  to  gain  ground  for  tiui 
reason  that  the  optimum  temperature  is  exceeded  for  prolonged  iteriods 
during  both  summer  and  winter.  As  to  a  possible  explanation  oi 
an  intra-cellular  stage  and  syngamy  observed  in  spleen  juice  feeds,  it  ij 
easy  to  understand  how,  in  an  abnormally  heavy  infection,  vegetative 
nmltiplication  would  soon  become  arre.sted  owing  to  the  rapid  failing  of! 
of  the  food  supply.  Exhaustion  of  nutriment  in  the  medium  wouUI 
induce  {wrasites  to  attack  the  cells  in  search  of  more  nutriment.  Further 
multiplication  increases  the  infection  completely  destroying  the  cells  in 
many  instances. 

It  is  at  this  stage  that  I  have  seen  syngamy  resorted  to.  In  my 
opinion  it  may  be  due  to  lack  of  nutriment  causing  divergencies  in  the 
different  strains,  and  in  order  to  level  up  such  divergencies  syngamy  ih 
resorted  to.  Of  course,  there  is  the  possibility  that  it  may  be  due  merely 
to  the  fact  that  there  are  ng  fresh  cells  left  to  attaqk. 

It  neetl  not,  therefore,  be  concluded  that  an  intra -cellular  stage  and 
svngamy  is  the  normal  method  of  reproduction.  It  must  be  renunnbered 
that  in  my  spleen  juice  experiments,  the  degree  of  infection  is  abnormally 
heavy.  An  intra-cellular  stage  and  syngamy  may  rarely  or  never  occur 
iu  nature  as  the  degree  of  infection  from  peripheral  blood  feeds  is  much 
lighter.  Divergencies  indifferent  strains  would  not  occur  and  .syngamy 
would  be  unneces.sary.  So  that  an  intra-celtular  s^tage  and  syngamy 
may  not  be  related  in  any  way  to  the  normal  method  of  reprofluction  in 
the  invertebrate  host.  Other  figures  shown  in  Plate  XXII  suggest  a 
possible  crithidial  stage  succeeding  the  intra-cellular  multiplication. 
Further  observations  are  neces.sary  to  decide  this  point. 

Whil.st  making  my  observations  in  Shillong  I  had  no  ojjport  unity  of 
seeing  Professor  Minchin  and  Thomson's  original  ])apers  on  the  develop- 
ment of  Trypanosoma  leicisi  in  the  rat  flea.  The  first  intra-cellular  foim 
pres.se«i  out  of  a  cell  seen  by  me  in  the  early  summer  of  1919  reminded  me 
of  the  hgures  in  Minchin's  book,  'An  introduction  to  the  study  of  jjrotozoa' 
to  which  I  referred  and  found  a  statement  to  the  effect  that  an  account  ol 
some  of  their  investigations  had  not  been  published.  This  edition  b'ing  a 
new  one  (1917)  published  after  the  death  of  Professcr  Minchin  1  concluded 
nothing  was  yet  published.     In  1921,  on  enquiry  at  Coonoor,  1  obtained 
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the  original  papers,  and  on  seeing  the  beautiful  illustrations,  I  was  at  once 
convinced  that  the  first  part  of  the  intra-cellular  stage  in  the  bed  bug  is 
exactly  mmhrto  Trypanosmna  lewisi  in  the  rat-flea.  I  pointed  this  out 
to  Major  Patton  who,  later,  confirmed  niv  discovery  of  an  intra-cellular 
stage  in  the  bug. 

On  comparing  my  Plate  XXII  and  a  few  of  my  slides  prepared  in 
Shillong  I  saw  that  many  of  the  form.s  that  had  puzzled  me  resemble 
Minchin  and  Thomson's  crithidial  forms.  A  glance  at  Plate  XXII  will 
suggest  the  probability  that  the  final  stages  of  the  extra-corporeal  cycle 
in  the  bug  may  prove  to  be  the  same  as  in  the  case  of  Tn/panosoma 
lewisi  in  the  flea. 

Major  Patton  is  now  making  further  observations  in  Coonoor  and 
will  probably  soon  complete  the  cycle. 

The  figures  in  Plate  XXII  are  mostly  from  a  striking  success 
obtained  in  a  bug  that  died  six  day.s  after  feeding  on  heavily  infected 
spleen  juice  showing  many  small  extra-cellular  forms.  he  bug  was 
found  dead  on  the  sixth  mo  niug  and  removed  from  the  cool  incuba- 
tor. It  was  placed  in  saline  and  kept  in  my  laboratory  at  a  tempera- 
ture of  about  27''C  for  24  hours  before  dissection,  it  had  probably  been 
dead  about  3G  hours.  The  parasites  were  exceedingly  active  and  as 
will  be  seen  are  of  a  different  type  to  culture  flagellates  an  '  the 
forms  figured   in   Major   Patton's  papers   in  the  '  Scientific  Memoirs.' 

I  have  observed  similai  though  less  striking  results  in  othei 
dead  bugs,  but  have  also  seen  many  of  these  new  forms  in  chloro- 
formed bugs. 

I  am  endeavouring  to  confirm  my  esults  by  feeding  bugs  on 
peripheral  blood  under  conditions  as  closely  approximated  to 
natural  conditions  as  can  be  obtained  in  a  laboratorv.  I  have  verv 
often  obtained  development  of  forms  such  as  is  seen  in  culture,  in 
bugs  fed  on  spleen  juice  ;  although  this  may  also  occur  in  bugs  fed  from 
peripheral  blood  it  is  no  indication  of  the  bug  being  infective. 


Explanation  of  Pl.\tk  XXII. 

A  variety  of  fonns  iptra-celliilarly  clcvflopcd  in  Cimir.  leciu/'irm.^  {],\n.) 
f«l  on  kala-azar  sjileen  juice  in  fShillon';. 
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ExPLAXATiox  OF  Plate  XXIII 

1 .  Small  m^rozoites  from  kala-azar  spleen  juice  smear 

2.  Larger  fonns. 

3.  Portions  of  tiie  joit  of  C-rnfJ  lihilmius  with  a  heavy  intra  relliilar 

infwtion.     The    cells   of     the     gut    art?     almost     completely 
destroved.     Most  of  the  flagellates  have  beeu    freed    from  the 
•spheres. 
1.     A  more  highly  magnified  group  freed  from  a  sphcri'   in    the   same 
specimen. 

5.  A  cluster  of  n'mnd  forms  in  the  bug  dividing  l)y  multiple  fission 

6.  Nematode  found  in  the  neighbourhoo«l    i»f   the     rcctiini    in    kala- 

azar  spleen  jiiice-fed  bugs. 
7      Riirfting  spheres  pre.ssed  out  of  cells 
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Explanation  of  A'late  XXIV. 
Fig.     1.     Heavily  infected  gut  of  Cuifj  htiulanim  (Lin).     The  cells   of  the 
gut    have    been   completely  destroyed.     Some  of  the  darkly 
stained  spheres  are  nuclei  of  dogcncratcd  cells. 
,,        2-     Cue  of  the  spheres  more  highly  magnified 
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Kxpi-ANATiox  OF  Plate  XXV. 
Fi!;<.      1  to  1")      N'arioiis  stage*  of  intra-collular  (onus. 

!*■>  to  "ill  Ni'in^itixlc-likp  stnu-ltirps  fo\iii<l  in  Cim-r  h-rhthrhm  M 
nil  kala-azar  inforti'd  sjilocii  jui<'i\  Those  Rtniotnrcs 
wiTi-  found  in  5  or  6  Cimer  hrhifihiim  bugs  fivl  on 
diflpient  patients  in  whose  blood  no  filaria  were 
found  after  a  eareful  examination  (if  filnis  taken  day 
and  night. 
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BACTERIOLOGICAL  AND  LABORATORY 
TECHNIQl'E. 

Section  III. 


LlEUT.-COLONEL   W.  F.   IIARVIiY,  M.A.,  M.R.,  n.P.II.,  C.I.E.,  I.M.S., 

Diifctor,  Ceiiiffd  Research  InMilutf,  Kuf^mdi. 
[Rccoivcd  for  publication,  lltli  March   I'.i^l.] 

InTRODI'CTIoN'. 

Ix  the  preparation  of  this  section  I  must  acknowledge  my  special 
indebtednois  t'>  K<>lnifrs  work  'Infection  Immunity  and  SiiccKic 
Therapy." 

B8  BLOOD   SERUM   REACTIONS', 

Notes. —'L-.  .1  f.ir  iliaannsis  of  (liso.i-io  or  for  idpiitificntion  of  orgftnisms  with  test 
serum  or  test  antigen  as  the  case  may  be.  The  procedure  of  staiidardizntioii  of  si-runi 
and  of  anti£;en  alfo  involves  the  use  of  these   reactions. 

B8  1  AGGLUTINATION  REACTION. 

B8-11:  B8111  ANTIGEN'.  (I)  Use  as  antigen  (A3-211)  a  suspen- 
sion of  a  2t-hr.  agar  culture  of  the  appropriate  organism  standardized 
by  turbiflity  (S7  12  and  diluted  to  contain  1  mgm.  dried  bacterial 
substance  jjer  c.c. 

NstM. — '  In  this  description  a  suspension  of  living  bacteria  is  used.  Other  antigen 
Hut'prnsion'*  which  may  be  used  are  suspensions  in  salt  solution  or  24-hr.  Ixiuiilon 
cultures  in  which  the  organisms  are  killed  by  the  addition  of  an  eininl  i|imntily  of  0*2 
percent  formalinized  0-8.j  S.S.S.  (A3"219),  or  by  steriliznlion  (89'31 1  ;I0  "lin.  at  a 
temperature  ol  .'>4C.  The  fornialinized  .suspension  can  be  preserviil  in  scalcil  tii'x'S  for 
2  m.  or  longer  and  the  suspension  stcrilizi-d  by  heat,  for  some  months.  When  identilica- 
tion  of  the  organism  is  the  object  of  the  test  the  antigen  will  be  the  test  organism  itself. 
When  a  serum  is  the  object  of  teat  a  known  organism  will  furnish  the  antigen.     U(li*i' 
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strengths  are  very  commonly  used,     li  the  titrc  of  the  senim  is  to  be  followed  out  in 
the  finest  detail,  less  eoneontrated  suspensions  are  said  to  give  better  results. 

B8-112  TEST.'— (1)  Have  in  rcadine.ss  a  rack^  with  13  smalP  T.  T., 
a  porceliiin  slab  with  12  depressions,  a  set  of  watch  glasses,  Wright 
capillary  pipettes  fitted  with  teats,  and  atin  of  boiling  water  with  Bunsen 
flame  beneath.  (2)  Mix  equal  vol.  of  0-85  S.S.S.  and  antigen  suspension 
in  a  wdtrh  glass.  (:5)  Add  the  mixture  to  No.  13  T.T.  as  '  salt  control.  ' 
(4)  Mark  a  capillary  pipette  with  a  gres.'  e  pencil  at  a  point  about  4  to  5  in. 
up  the  stem  as  unit  vol.  (5)  Set  out  unit  vol. ^  of  OSS  S.S.S.  in  each 
of  the  depressions  of  the  porcelain  slab.  (6)  Take  up  unit  vol.  of  test 
serum  and  add  to  the  salt  sol.  in  the  1st  depression.  (7)  ]\Iix,  and 
remove  ^  one  unit  vol.  of  the  mixture.  (8)  Add  the  removed  vol.  to  the 
salt  sol.  in  the  2nd  depression."  (9)  Mix,  and  remove  unit  vol.  of  this 
mixture  to  the  salt  sol.  in  the  3rd  depression.  (10)  Continue  the  process 
to  the  12th  depression  at  which  the  removed  vol.  is  simi^ly  rejected.'' 
(11)  Wash  out  the  capillary  pipette  well  with  boiling  water.  (12)  Add 
one  unit  vol.  of  antigen  suspension  to  each  of  the  serum  dilutions,  begin- 
ning with  the  twelfth  and  passing  up  to  the  first.  (13)  Mix  at  the  time 
of  each  addition.  (14)  Wash  out  the  capillary  pipette  well  with  boUing 
water.  (1.5)  Take  up  samples  of  the  serum-antigen  mixtures  in  due 
order,  beginning  with  that  containing  the  greatest  dilution  of  serum  and 
continuing  to  that  with  the  least.  (16)  Place  each  sample  as  it  is  taken 
up  in  its  appropriate  T.T.  (17)  Examine  each  T.T.  with  the  hand  lens 
and  record  as  '  immediate  '  the  agglutination  which  has  already  taken 
place,  with  its  degree  and  the  dilution  of  serum.  (18)  Keep  the  T.T. 
2  hr.8  in  a  water  bath  at  50  to  55C.»  (19)  Keep  15  to  20min.  at  R.T.  to 
allow  sedimentation  of  flocculi  to  take  place.  (20)  Examine  and 
record  the  degree  of  agglutination  which  has  taken  place  for  each  dilu- 
tion of  serum  in  terms  of  turbidity  as  compared  with  that  of  the  '  salt 
control.'  (21)  Invert  'o  the  T.T.  (22)  Leave  in  the  inverted  position 
20  or  30  min.  (23)  Restore  to  their  original  jjosition.  (24)  Examine 
and  record  the  degree  of  agglutination  which  has  taken  place  for  each 
dilution  of  serum  in  terms  of  size  of  flocculi.  (25)  Keep  18  hr.  at  R.T. 
(.''G)  Record  the  degree  of  agglutination  which  has  taken  place  in  terms 
of  turbidity  and  Hocculation  for  each  dilution  of  serum. 

Notes.—'  The  general  adoption  of  prophylactic  inoculation  has  curtailed  the  useful- 
ness of  the  test  as  a  means  of  diagnosis.  The  test,  in  inoculated  individuals,  must  show, 
on  repetiti<m,  values  fluctuating  in  accordance  with  the  progress  of  the  disease,  for  any 
piven  organism  before  that  organism  can  be  incriminated  as  the  causal  agent  in  the 
disease.  It  is  well  that  samples  of  blood  which  are  to  be  used  for  the  agglutination  test 
shuuld  bo  collected  a*eptically,  as  the  clot  can  then  also  be  used  for  blood  culture.    ^  In 
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some  respects  what  18  better  than  a  ruck,  ils  U'ln^  t'a^<K'^  u|  inniuiiiiliilLoii,  i>  ilic  cover 
of  a  till  tilled  with  plasliciiio  iu  whieh  the  T.T.  are  iinhodilcil.  •'  I  cm.  in  liiiHth  and  :|  nnii. 
internal  diameter.  The  less  the  internal  diameter  of  the  tubes  u.sed  llii- iiiiieker  ihtlic 
agglutination.  '  Instead  of  using  a  capillary  pipette  and  "  un't  vol.'  an  ordinary  pipette 
measuring  cubic  centimetres  and  fractions  of  a  cubic  centimetre  may  be  used.  The  use 
of  such  a  pipette  is  necessitated  when  the  '  titre'  of  a  serum  is  defined  as: — that  quantity 
of  scrum  which  just  suffices  in  I  hr.  at  37C  to  cause  the  appearance  of  llocculi  risible 
to  the  naked  eye  in  1  c.c  of  a  suspension  of  2  mgra  of  an  , 18-hr  culture  in  11-85  S.S.8. 
Urops  furnished  from  a  pipette  with  a  teat  may  replace  unit  vol.  '  In  the  process  of 
taking  up  a  unit  vol.  of  .serum  or  .serum  dilution,  and  in  mixing,  avoid  carrying  fluid 
above  the  mark,  as  that  may  leavi>  there  a  quantum  of  .serum  uhicli  may  be  carried  on 
to  a  much  lower  dilution  and  thus  vitiate  the  results.  *  When  the  test  is  for  the 
diagnosis  of  infection  the  dilution  of  the  test  serum  will  seldom  have  to  be  taken  as  far 
as  the  1-lh  tube.  In  the  case  of  a  high  titre  serum  the  dilution  may  sometimes  liave  to 
be  carried  further  to  obtain  a  zero  reading.  '  There  are  thus  left  al  this  stage  in  eoch 
depression  unit  vol.  of  1-2,  4,  8,  IG,  32,  04,  128,  25(i,  512,  1,024,  2,048  and  4,090  dilu- 
tionofserum.  •  Some  organisms  require  longer  time.  Typhoid  group  organisms  are 
agglutinated  in  2  hr.,  dysentery  organisms  in  4  to  6  hr.,  and  meningococci  in  24  hr., 
•This  temperature  is  an  optimum  one  for  agglutination.  An  incubator  temperature 
of  370  however  is  quite  satisfactory  in  most  cases.  "  The  inversion  is  possible  if  the 
T.T.  are  imbe<lded  in  plasticine.  With  T.T.  of  the  dimcn.sions  given  the  column  of  lluid 
contained  does  not  move  from  its  position.  Headings  maj-  be  made  without  inversion. 
The  object  of  the  inversion  is  to  dilTerentiaJe  between  simple  sedimentation  and 
llocculi.  It  also  serves  to  separate  out  the  tlocculi,  which  allows  of  their  size 
being  determined. 

B8-12:  B8  121  ANTIGEN'.— (1)  Use  asantiopu  (A3-211)  u 
.suspension  of  a  21-hr.  agar  culture  of  the  organism. 

Notes. — 'Where  an  organism  .such  as  B.  pestis  is  spontaneously  nggliiliiialile  the 
suspension  should  be  made  with  1-1000  salt  sol.  instead  of  0-85  S.S.S.  In  the  case 
of  B.  tuberculosis  the  felted  growth  may  be  brought  into  homogeneous  suspension  by 
prolonged  trituration  in  l-lOOO  salt  sol.  When  highly  dangerous  organisms  are 
being  dealt  with  special  methods  (A3'221)  are  employed  to  produce  the  antigen 
suspension. 

B8*122  TEST.-  (1;  .Make  a  scries  of  flihitions  of  te.st  situiii  \ujth 
O'S.oS.S.S.  (2)  Set  out  a  series  of  unit  vol.  of  each  (Mint ion  on  slit'cs 
and.  a  unit  vol.  of  085  S.S.S.  for  control.  (.3)  Wash  out  thorougiily  the 
pipette  used.  (I)  Fill  into  the  pipette  as  many  unit  vol.  of  the  antigen 
.susjjension  as  there  are  unit  vol.  set  out  on  the  slides.  (.'))  Eject  one 
vol.  of  the  antigen  suspension  into  each  unit  vol.  on  the  slides  beginning 
with  the  vol.  of  0-8.5  S.S.S.  (6)  Mix  serum  and  antigen  before  iiroceeding 
to  eject  the  next  vol.  of  suspension.  (7)  Wash  out  thoroughly  the 
pipette  u.sed.  (8)  Aspirate  into  the  pipette,  beginning  with  the  control, 
a  sufficient  .sample  of  each  mixture.  (9)  Keep  the  mixtures  separated 
in  the  stem  of  the  capillary   pipette  by   means  of  air   bubble   seaLs. 
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(10)  Seal  the  oiifice  ofthe  i)i])ett(>  ill  the  flainc.  (11)  Set  tlie  pipette 
upright.  (12)  Read  the  results'  after  "J  I  hr. 

NoUs. — 'The  end  point  taken  may  be  cither  one  of  complete  sedimentation  with 
clearing  of  the  S.  N.  F.  or  the  highest  dilution  of  senim  giving  rise  to  macroscopically 
evident  llocculation.  A  hand  lens  examination  is  useful  to  supplement  the  naked  eye 
examination.  Simple  sedimentation  may  be  differentiated  from  sedimentation  of 
flooculi  by  inverting  the  pipette,  when,  if  the  sedimentation  has  been  due  to  gravitation 
alone,  the  deposit  will  resolve  itself  into  a  shower  of  impalpablj'  fine  articles  whereas  if 
the  sedimentation  is  of  flocculi  the  shower  will  consist  of  comparatively  large 
ag5lomerate<l  masses  of  bacteria. 

B8-13:B8-131  ANTIGEN,— (1)  Use  ordiiiarv  veal  peptone 
bouillon'  as  medium  in  quantities  of  1  litre  contained  in  a  1|  litre  flask. 

(2)  Sterilize  15  min.  only  at  II.'JC.  (:>)  Test  sterility  by  incubation  for 
72  hr.  (4)  Sow  from  a  24-hr.  bnuillon  culture  ^  of  the  testing  organism. 
(.5)  Incubate  24  hr.  (6)  Shake  thoroughly  to  mix.  (7)  Add  O'l  per  cent 
formalin.  (8)  Shake  to  mix.  (9)  Keep  in  the  ice  chest  at  about  2C. 
(10)  Shake  thoroughly  to  mix  at  intervals  throughout  the  day  and  for 
4  ('ays  thereafter.     (11)  Replace-*  in  the  ice  che.st. 

Notes.— 'The  bouillon  is  standardized  to  a  phenolphthalein  indicator,  and  jrd 
ufthat  amount  of  sod.  hydroxide  whicli  would  render  it  neutral  to  phenolphthalein  is 
added  before  the  final  boiling  and  filtration.  '^  The  culture  used  for  sowing  should  be 
one  which  has  been  subcultured  daily  in  bouillon  for  2  weeks  or  longer.  This  continued 
subculture  has  the  effect  of  increasing  its  aggUitinability  and  diminishing  any  tendency 
to  spontaneous  agglutination.  ^After  4rf.  the  cultures  will  be  found  to  be  absolutely 
sterilized.  The  culture,  if  it  is  not  homogeneous,  may  be  filtered  sterilely  through 
cotton  wool. 

B8-132  ANTIGEN  STANDARDIZATION  OPACITY.-^(l)  Set  up 

two  row.-,  of  10  small  T.T.  nf  the  same  internal  diameter  containing 
in  the  first  row  serial  dilutions  of  2,  3,  4, 5,  6,  7,  8,  10,  12  and  16  in  20  of  a 
'  .standardized  '  antigen  suspension,  and  in  the  second  row  the  same 
dilutions  of  the  antigen  to  be  standardized.  (2)  Make  a  comparison 
of  the  opacities  of  the  T.T.  in  the  two  rows  and  find  the  degree  of  opacitj' 
of  the  antigen  to  be  standardized,  in  terms  of  the  '  standardized  '  antigen. 

(3)  Dilute  the  antigen  to  be  standardized  to  equality  with  the 
•  standardized  "  antigen  with  O'l  per  cent  lormalinized  0-85  S.S.S. 

Notes. — 'Dysentery  cultures  should,  after  dilution  to  '  standard  '  opacity,  be  left 
to  stand  in  the  ice  chest  for  (i  weeks  before  being  .standardized  for  agglutinability. 

B8-133  ANTIGEN  STANDARDIZATION  AGGLUTINABILITY. 

— (1)  Set  up  twd  niws  (if  10  small  T.T.  (2)  Prepare  a.  dilution  of 
'  standard  "  seium  to  contain  4  to  8  '  standard  "  agglutinin  units.  (3) 
Dilute  this  again    with  O'Su  S.S.S.  2,  3,  4,  5,  6,  7,  8,  10,  12  and  10  in  20, 
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(4)  Mix  2  vol.  of  each  of  these  dilutions  with  8  vol.  of  •  staii.lanlized  ' 
antigen  snsiieii.sion  intheT.T.  of  the  front  row.  (.">)  Do  likewise  forthe 
test  suspension'  in  the  T.T.  of  the  second  row.  ((>)  Keep  the  T.T.  2  hr  - 
at  50  to  oSC.  (7)  Keep  20  niin.  at  R.T.  (8)  Select  the  T.T.  in  eack 
row  showing  'standard'  agglutination.'  (9)  E.xpress  the  degree  of 
agglutinability  of  the  te.st  suspension  in  terms  of  the  '.standardized  ' 
antigen  and  give  the  former  the  appropriate  factoi*  which  will  make  it  also 
a  standanl  antigen  in  agglutination  tests.  (10)  Use  this  new  factor  in 
agglutination  tests  with  the  newly  standardized  antigen  to  determine 
the  number  of  "standard  '  agglutinin  unit^/'  contained  in  1  cc.  of  a 
test    serum. 

Notts. — 'Appro.ximately  of  the  .same  opacity  a.-s  the  '.standardized'  antigen 
6iL>pension.  'Dysentery  4  to  5  hr.  *The  highest  dilution  of  serum  in  which  marked 
agglutination  without  sedimentation  can  be  detected  hy  naked  eye.  *Multiplv  the 
factor  given  with  the  '  standardized  "  antigen  suspension  hy  the  comparative  degree  of 
agglutinability  of  the  antigen  to  be  standardized.  Thus,  if  the  former  is  twice  asagglu- 
finable  as  the  latter,  multiply  the  factor  by  2,  if  half  as  aggliitinable,  multiply  by  1. 
*The  '  stamiard  '  agglutinin  unit  (O.Tford  standard)  is  that  amount  of  agglutinating 
serum  which,  when  made  up  to  1  c.c.  (or  2  unit  vol.)  with  O-So  S..S.S.,  causes  standard 
agglutination  on  heing  mi.xeil  with  l-.")  c.c.  (or  ;t  unit  vol.)  of  a  standard  agglutinable 
culture,  after  1  hr.  at   50  to  ooC 

B8-134  TEST.— (1)  Set  up  a  .series of  Ismail  T.T.  containing 2  unit 
vol.  of  test  scrum  in  the  dilutions'  1-10,  20,  50,  100.  (2)  Set  upa  control 
T.T.  containng  2  unit  vol.  0-85  S.S.S.  (3)  Add  to  each  T.T.  3  unit  vol. 
antigen  susjiension.-  (4)  Shake  each  T.T.  carefully  to  mi.\.  (5)  Keep 
2  hr.  in  a  water  Ijath  at  .50  to  .55C".  ((>)  Keep  15  min.  at  R.T.  (7) 
E.xamine and  record  the  dilution  of  test  serum  giving  '  .stanc'p.id  'agglu- 
tination.' (8)  Calculatf*  the  number  of  '  stantlan'  '  agglutinin  units 
per  c.c.  in  the  te.<;t  .serum. 

Notes. — 'Higher  dilutions  may  be  necessary.  -iThr  dilutions  of  serum  thus  given 
are  1 — 23,  50,  125  and  2.'iO.  'The  signs  and  factors  used  by  the  Oxford  standards 
laboratory  for  indicating  degree  of  agglutination  are  : — Total  agglutination  T — com- 
plete clarilication  of  antigen-serum  mixture  ;  standard  agglutination  f^ — tlocculaliun 
apparent  to  naked  eye  inspection  ;  trace  tr. — llocculation  barely  apparent  to  naked  eye 
inspection-  Grades  intermediate  bi-tween  these  are  given  by  the  symbols  T — ,  S-(-,  S — , 
Ir. -t-,  tr.  — .  Standardization  is  effected  by  taking  standard  agglutination  as  Iheenfl 
point.  Any  of  the  other  points  may  be  taken  as  end  point,  and  reduction  to  standard 
agglutination  effected  through  factors.  These  factors  are  : — T,  1'47  ;  T — ,  r20 
.S+.  1-3;  S.I;  S-,  0  88;  tr.-f,  0"7  ;  tr.,  (),  0«8  ;  tr.— ,  0(iO  ;  J  tr.Or>:i  ;  zero. 
0-46  ;  e.j.,  if  tr. -i-  agglutination  is  given  by  1 — 50  serum  standard  agglutinalion  will  be 
given  by  I'SOX  1-0  77l=in  1— 385  serum.  'Divide  the  ddutiim  of  the  seruni 
giving      •  standard '    agglutination    with      the      standard    agglutinable     antigen    by 
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the  factor  attaclied  to  the  antigeu,  e.g.,  if  lliu  dilution  is  1-250  and  tlie  factor  2-5, 
till-  nunibi-r  of  agjilutinin  units  jjcr  c.c.  of  tost  serum  will    be  250-^2-25=l(JU. 

B8-14  SLIDE  METHOD.  (I)  Use  a  heavy  suspension  of  the  test 
bactL'iium  and  a  dilution  of  the  anti-serum  containing  40  times  as  much 
serum  as  the  titre  dilution.'  {'!)  Mix  on  a  slide  equal  vol.  bacterial 
suspension  and  serum  dilution.  (;3)  Use  appropriate  controls.  (4)  Note 
the  occurrence  within  2  min.  of  macrosco])ic  agglutination." 

Notes.— 'The  use  of  the  titre  dilution  itself  would  require  too  long  for  the  action 
of  the  serum  to  be  manifested.  Too  low  a  dilution  of  the  serum  should  not  be  used  if 
jjarado.xical  group  agglutinations  are  to  be  excluded.  If  the  titre  dilution  were  1-2000 
then  the  dilution  to  use  would  be  1 — 5U.  -If  the  mixture  is  kept  in  movement,  as  by 
rocking  the  .slide,  agglutination  will  be  accelerated  ;  this  is  the  jninciple  employed  in  the 
agglutinometer.  The  method  is  useful  as  a  preliminary  means  of  selecting  colonies  from 
a  plate  for  further  test.  It  is  also  used  with  a  known  bacterial  antigen  for  the  identi- 
lication  of  a  test  serum. 

B815  MICROSCOPIC  :  B8151  HANGING  DROP  METHOD.— 

(1)  Use  a  capillary  pipette  with  a  unit  vol.  mark  on  the  capillary  stem 
about  3  cm.  from  the  extremity.  (2)  Take  up  one  by  one  unit  vol.  of 
0-85  S.S.S.  (3)  Eject  each  vol.  of  0-85  S.S.S.  as  it  is  taken  upi  into  a 
watch-glass  placed  ready  for  the  making  of  the  dilution.  (1)  Take  up 
one  unit  vol.  of  test  serum  and  add  it  to  the  0'85  S.S.S.  in  the  watch-glass. 
(5)  Mix  well.  (6)  Make  from  the  dilution  of  test  serum  so  made,  and  in 
similar  fashion  (cf.  B8'112)  further  dilutions.  (7)  Mix  on  microscope 
slides  equal  volumes  of  antigen  suspension^  and  test  serum  dilution. 
(8)  Cover  the  mixtures  with  cover-glasses.  (9)  Seal  the  edges  of  the  cover- 
glasses  with  vaselin.  (Id)  Set  up  normal  serum  and  salt  controls,  in 
which  normal  serum  dilution  and  0-85  S.S.S.  take  the  jjlace  of  the  test 
serum  dilution.  (11)  Examine  the  preparations  immediately,  after 
].5  min..  and  after  60  min.  with  a  dry  l-6th.  in  objective. 

Notes. — 'Do  not  attempt  to  carry  the  successive  volumes  up  the  stem  as  this  wets 
the  glass  to  a  greater  extent  than  is  necessary  and  results  in  considerable  loss  of  fluid. 
'Living   24-lir.    bouillon     culture   or  a   suspension   of  a  24-hr.   agar   culture  in  0'8.') 

S.S.S. 

B8'152  CELL  METHOD,— (1)  Use  small  glass  cells,  ground  flat 
top  and  bottom,  so  that  they  can  be  piled  in  series.  (2)  Carry  out  the 
dilutions  of  the  serum  in  these  cells  (cf .  B8'112),  and  add  an  equal  quantity 
of  antigen  suspension  to  each  serum  ('ilution.  (3)  Stack  the  cells  one 
on  top  of  the  other,  with  a  glass  cover  to  the  topmost  one.  (4)  Keep 
2  hr.  at  37C.  (5)  Examine  each  of  the  mixtures  for  agglutination 
macroscopically  and  under  a  low  power  of  the  microscope. 
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B8-153  THREAD  REACTION. -(1)  tlso  a  luitiiont  l)ouill.m 
containini;  1  i)or  coiit  sml.  citrate.  (2)  Sow  with  the  appropriate 
organism.  (3)  Mix  witli  sterile  precautions  : -test  bh)0(l.  I  ;  culture 
bouillon,  already  sown,  15.  (I)  Incubate  the  ini.xture  5  hr.  (5)  Examine 
the  clear  S.N. F.  microsco|)ical!y  for  chain  or  thread'  formation  of  the 
organism  u.sed. 

HoftS.— 'Organisms  tcud  to  grow  in  tlircml  forms  in  the  presence  of  n  specilic  anti- 
serum. 

B8'16. — (1)  Inject  a  G.P.  or  other  laboratory  animal  subcutaneou.sly 
every  second  day  atid  7  times  in  all,  with  2  c.c.  iS-hr.  bouillon  culture  of 
the  test  organism.  (2)  Test  the  serum  of  the  inoculated  animal 
against  known  organisms  for  agglutinating  eflfect.  (3)  Estiibiisli  I  lie 
identity  of  the  test  organism  from  the  result. 

B8-17     INAGGLUTINABLE    STRAINS  :  B8-171.H1)  Make   a 

suspension  of  the  organism  of  strengtli  n-5  ingin.  \wv  ex.  of  ()-85  S.S.S. 
(2)  Add  O'l  c.c.  N-1  hydrochloric  acid  to  20  c.c.  suspension.  (3)  Keep 
5min.  atlOOG.  (4)  Cool  rapidly.  (5)  Neutralize  with  01  c.c.  N-1  sod. 
hydroxide.     (6)  Use'   in   test. 

Notes. — 'Applied  to  gonococcus  and  pneumococcus. 
B8"172.-  (1)  Subculture  the  inagglutiuable  strain  for  several  davs. 

(2)  Re-test    agglutinability. 

B8-18  MENINGOCOCCUS:  B8-181.—(l)  Use  for  the  antigen  sus- 
pension in  an  asjirlutinaiiun  rv>\.  growths  of  not  more  than  M  hr. 
inculjation. 

B8'182. — (I)  Make  a  suspension  from  a  24-hr.  gluco.se  a.scitic  agar 
cidture.  (2)  Shake  thoroughly.  (3)  Allow  to  stand  4  hr.  (4)  Use 
the  S.N.F.  as  antigen  suspen.sion'  for  agglutination  test. 

Notts. — '  Will  not  deposit  the  meningococci  for  2  or  ."irf. 
'        B8-183.— (1)  Make  the  suspension  in  0-85  S.S.S.  of  a  24-hr.  leguniin 
or  other  agar  culture  of  the  test  organism.     (2)  Keep  '  30  min.  at  65C. 

(3)  Set  up  a  series  of  5  small  T.T.  each  containing  0'2  c.c.  antigen  .suspen- 
sion. (4)  Add  to  each  T.T.  in  order  1  c.c.  085  S.S.S.,  1  c.c.  1-100,  200, 
400  anti-serum,- and  1  c.c.  I -50  normal  serum.  (5)  Keep  24  hr.  at  55C'. 
(6)  Read  the  results.  (7)  Keep  18  to  21  hr.  in  the  ice  che.«t.  (H)  Read 
the  results  again. 

Nottf. — 'The  KURpcnsion  thus  treated  may  be  left  for  some  hr.  to  dejioMt  clumpa 
•  odthe  S.N.F  only  used  in  test.  The  anti-scrum  used  may  be  a  monovalent  typo 
■erum  for  the  identification  of  the  type  of  meningococcus. 
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B8- 19  STREPTOCOCCUS  :  B8- 191.  (1)  Wiish  the  oij;aiiism 
several  times  with  D.W.  (-')  Re-susiiem'  in  1),\V.  for  use  in  aggiutinatinn 
test. 

B8'192.— (1)  Prepare  a  niediuin:-  trvp-bnuilloii  (M4-711)  2.  serum 
or  hydrocele  fluid,  heated  .'50  uiin.  at  OdC,  1.  (2)  .Sow.  (3)  Incubate 
the  culture  in  the  sloping  position.  (4)  Shake  '  u]i  the  culture.  (5) 
Dilute  to  suitable  strength  for  use  in  test. 

Notes. — 'The  .streptococci  grow  in  very  short  chains  and  a  uniform  suspension  is 
obtained    on   shaking. 

B8'193. — (1)  Grow  the  streptococcus  in  a  bouillon  of  ])H  7'4  in 
which  the  sofl.  chloride  is  replaced  by  a  balanced  phosphate  mixture. 
(2)  Remove  the  organism  from  the  culture  by  centrifugalization.  (3) 
Wash  twice  with  bouillon  prepared  as  above.  (4)  Re-suspend  in  this 
bouillon   for  use  in  test. 

B8-2  AGGLUTINATION  REACTION  :  B8-21  PNEUMOCOCCUS 
INFECTION  TYPE.  -(1)  Wash  test  pneumonic  sputum  with  sterile  O'SS 
S.S.S.  ("_')  Inject  1  c.c.  intraperitoneally  in  a  mouse.  (3)  Kill  the 
mouse  after  6hr.  (4)  Wash  out  the  peritoneum  witli  8  c.c.  0'85  S.S.S. 
(5)  Centrifuge  the  turbid  fluid  obtained  at  low  speed  to  throw  down 
tissue  cells.  (6)  Transfer  the  S.N.F.  to  a  second  centrifuge  tube. 
(  7)  Centrifuge  at  high  speed  to  throw  down  pneumococci.  (8)  Use 
the  deposit  as  antigen  suspension  in  agglutination  te.st  in  mixture  with 
dilution  of  type  sera,  (it)  Determine  the  type  from  the  agglutination 
results. 

B8-22  B.  TUBERCULOSIS  :  B8-221.— (1)  Keep  1  grm.  well-dried 
bacilli  in  0'5  per  cent  sod.  hydroxide  8f/.  at  37C.  (2)  Neutralize  the 
opalescent  fluid  with  acetic  acid.  (3)  Use  as  antigen  suspension  in 
agglutination  test. 

B8*222. — (1)  Prepare  a  standard  suspension  in  0'85  S.S.S.  of  killed 
B.  tuberculosis.  (2)  Centrifugalize  the  standard  suspension  till  the 
deposit  obtained  is  of  constant  vol.  (3)  Use  the  S.N.F.  which  will  itself 
be  standard,  as  antigen  suspension  for  agglutination  test.  (4)  Set  up  a 
series  of  small  T.T.  containing  mixtures  of  suspension  and  varying  dilu- 
tions of  test  serum.     (.5)  Keep  5  lir.  at   37C.     (fi)  Examine. 

B8'223. — (1)  Sow  from  a  culture  of  human  B.  tuberculosis 
on  potato  into  50  c.c.  li  per  cent  glycerin  bouillon  in  half  filled 
flasks.  (2)  Shake  up  the  bouillon  culture  dr,ily.  (3)  Subculture  once 
monthly.  (4)  Use  these  cultures  as  antigen  suspension  for  agglutination 
test  after  35f/.  incubation.     (5)  Dilute  with  0-8.5  S.S.S.  to  lender  the 
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Riis|H>iisi<m  siitticiently  afijiliitiimhlo.  (f>)  Keep  fm  iiso  citlicr  in  the 
ice  rhost  or  after  aHt'ition  of  formalin.  (7)  I'sp  within  2  woj-ks  of 
preiai-ation.  (8)  S<»t  up  test  serum  antiijen.  and  contidl  mixtures. 
(9)  Keep  3  hr.  at  50  to  ooC.     (10)    Examine. 

B8-23  B.  MALLEI:  B8-231.  (1)  Use  a  suital.le  i.fralutinnhle 
strain  of  H.  niillci.  (-J)  .Maintain  its  ag};lutinal)ility  liy  Mili-piissage 
through  a  G.P.at  least  onceevery  3  weeks.  (3)  Grow  (>0  lir.  on  5  per  cent 
glycerin  agar  2It  ]ier  cent  acid  to  phenolpiithalein.  (})  Make  a  sus- 
pen.<ion  of  the  growth  from  the  agar  slope  in  Oo  ])er  cent  carholizeil 
Om  S.S.S.  (5)  Keep  2  hr.  at  fi()C.  (fi)  Shake  well  to  remlpr  the  sus- 
pension homogeneous.  (7)  Filter  through  sterile  filter  pa])cr.  (8) 
Dilute  with  Oo  per  cent  carbolized  0-85  S.S.S.  until  the  suspension  is 
of  only  faintly  cloudy  appearance.  (9)  Set  up  agglutination  mi.xtures 
of  this  antigen  suspension  and  dilutions  of  the  test  .serum.  (10)  Keep 
2  hr.  at  37C.     (II)  E.\amine. 

B8*232.— (1)  Use  48-hr.  cultures  on  glycerin  agar.  (2)  Heat  2  hr. 
at  6(IC'.  (3)  Make  a  suspension  of  weak  milky  appearance  with  Oo 
per  cent  carbolized  0'85  S.S.S.  (4)  Filter  the  suspension  quickly 
through  sterile  thin  filter  paper.  (5)  Set  up  the  usual  test  agglutination 
mixtures  of  this  antigen  suspension  and  dilutions  of  test  serum,  ((i) 
Keep  2  hr.  at  50  to  .").")('.      (7)  E.vaniino. 

B8-24  B.  ANTHRACIS  :  B8-241  ANTIGEN.  (1)  Subculture 
B.  anthracis  daily  on  ordinary  agar,  incubating  at  42C'.  until  a  non-sj)oring 
form  is  obtained.  (2)  Wa.'-h  oil  the  growth  in  0'5  per  cent  formalinized 
0-85  S.S.S.  (3)  Shake  48  hr.  (4)  Keep  several  days  at  R.T.  (5)  Test 
sterility.  (6)  Shake  24  hr.  (7)  Keep  18  hr.  at  R.T.  (8)  Filter  the 
upper  layers  of  the  suspensi(m  through  filter  j)aper.  (9)  Dilute  with 
05  per  cent  formalinized  085  S.S.S.  to  a  turbir'ity  corresponding  to  a 
suspension  of  B.  typhosus  of  2000  million  jier  c.c. 

B8-242  TEST.— (I)  Set  up  agglutination  nii.\tures  of  this  antigen 
BuspenNJon  anil  dilutions  of  the  test  serum.  (2)  Keep  2  hr.  at  50  to 
Sof.     (3)  E.xamine. 

B8'25  SP.  PALLIDA:  38-251  ANTISERUM.  (1)  Grow  S. 
palli«)a  14  to  .30rf.  in  the  medium  : — rabbit  serum  '  I  :  faintly  alkaline 
bouillon  1  ;  containing  a  piece  of  fresh  rabbit  kidney.  (2)  Inject  rabl>its 
every  7rf.  intravenously  with  TS  to  3  c.c.  culture. 

Notts. — 'Tlif  human  ascitic  fliiitl  commonly  used  in  ri'|ilacr(I  liy  inlitiit  fcrum  in 
order  to  avoid  the  production  of  o  spccilic  precipitin  or  of  complement  fixing  HtKlirf  for 
human   proteins. 
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B8-252  TEST^— (1)  Set  up  a  series  of  small  T.T.  containing  O'l  up 
to  0-000001  c.c.  anti-serum  in  each.  (2)  Add  0;1  c.c.  test  spirochaete 
antigen  suspension.  (3)  Bring  the  final  vol.  up  to  1-.5  c.c.  (4)  Shake 
gently  to  nii.x.  (.5)  Keep  2  hr.  at  :57C.  (6)  Read  results.  (7)  Read 
again  after  2  hi',  at   'MV. 

B8-26  SP.  ICTEROHiEMORRHAGIiE  :  B8-261  ANTIGEN.— 
Use  antigen  suspensions  of  living  organisms  in  test,  prepared  from  rich 
cultures  grown  2  to  3  weeks  in  the  medium  : — rabbit  serum  1  ;  0'9  per 
cent  sterile  salt  sol.  3. 

B8-262  TEST.— (1)  Set  up  a  series  of  small  T.T.  containing  O'l 
u|)  to  OdOOdOl  c.c.  test  serum  in  each.    (2)  Add  1  c.c.  antigen  suspension. 

(3)  Bring  the  final  vol.  up  to  r5  c.c.  (1)  Shake  gently  to  mix.  (5)  Set 
up  controls.  (6)  Keep  2  hr.  at  37C.  (7)  Examine  the  contents  of  the 
T.T.   for  clumping  by  dark  field  illumination. 

B8-27  LEPTOSPIRA  ICTEROIDES.— (1)  Proceed  as  in  68*25  or 
B8-26. 

B8-28  SPOROTRICHOSIS  :  B8-281.— (1)  Grind  up  the  growth  of 
a  4-week  agar  culture  witli  085  S.S.S.  to  make  the  antigen  suspension. 
(2)  Set  up  test  serum,  antigen,  and  control  mi.xtures.  (3)  Examine  the 
mixtures  microscopically  after  a  few  min.  for  agglutination  of  the  spores. 

(4)  Examine  the  mixtures  macroscopically  after  6  hr.  at  R.T. 

B8*282.' — (1)  Rub  up  a  large  loopful  of  a  9-week  culture  of 
Sporotlirix  iu  a  mortar  with  0-85  S.S.S.  (2)  Filter  the  suspension 
through  moistened  filter  paper.  (3)  Examine  microscopically  to  see 
that  the  suspension  consists  of  free  spores  only  and  in  sufficient  number. 
(4)  Use  for  agglutination  test. 

Notes. — ^Thc  .seuim  from  a  latient  suffciiiig  iuni  sj  oiotiitl.ctis  agglutiuatts  (l.e 
sjiores  in  60  min.  iu  1-400  or  500  dilution. 

B8-3  AGGLUTINATION  REACTION:  BS'Sl  ABSORPTION 
TEST  :  B8-311  ANTIGEN.- (1)  Make  a  suspension  of  a  24-hr. 
agar  culture  of  the  test  organism  in  0-85  S.S.S.  to  contain  about  5000 
million  living  organisms  per  c.c.  (2)  Make  a  similar  suspension  of  the 
organism  homologous  to  the  anti-serum  selected. 

B8-312  TEST  OF  ANTIGEN.— (1)  Place  1  c.c.  undiluted  anti- 
serum^ into  each  of  3  clean  centrifuge  t  ubes.  (2)  Add  to  No.  1  tube^  9  c.c. 
0-85  S.S.S.  (3)  Add  to  No.  2  tube  4  c.c.  0-85  S.S.S.  and  5  c.c.  test  antigen 
suspension.  (4)  Add  to  No.  3  tube  4  c.c.  085  S.S.S.  and  5  c.c.  antigen 
suspension  of  the  organism  homologous  to  the  anti-scrum.     (5)  Shake 
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foimx.  (ti)  Kot'p  2  lir.  at  K.T.  (7)  Kfcp  I  lii.ut  MV.  (»)  IViitn 
fugalize  at  liigh  speed,  (9)  Detenniao  tlie  ufjfjlutiiuition  titre  for  the 
S.X.F.  in  each  of  the  3  centrifujie  tubes  for  any  desired  mimher  of 
organisms  or  types  of  organisms  including  tlie  test  oriiauism  and  tin- 
organism  homologous  to  the  anti-seruiu.  (10)  C"()ini)are  t he  results-' 
obtained. 

Nrtll. — 'The  anti-serum  selected  is  that  which  gives  by  previous  trial  the  highest 
agtglutination  with  the  test  organism.  'No  antigen  suspension  is  added  to  No.  1  tube, 
but  the  dilution  of  serum  in  this  tube  is  exactly  the  same  ii.s  that  in  Nos.  2  and  3  tubes 
The  agglutination  result  shown  by  the  fluid  in  No.  1  tube  affords  a  means  of  direct  com- 
pansoQ  of  titre  with  that  shown  by  the  same  dilution  of  serum  after  absorption  in 
tubes  Nos.  2  and  3.  'If  the  test  organism  ab.sorbs  all  agglutinins  primary  or 
secondary  (group)  to  the  homologous  organism  from  the  .selected  anti-serum  it 
may  be  adjudged  to  be  identical  with  the  latter.  This  result  may  be  further 
investigated  by  absorbing  another  anti-serum  with  the  test  organism  and  with  the 
organism  homologous  to  the  originally  .selected  anti-serum,  when  it  slumld  be  found 
that  all  agglutinin  tor  these  two  organisms  has  been  removed,  but  that  the 
agglutinin  t<>  the  organism  homologous  to  the  second  anti-serum  remains.  In 
absorption  tests  the  anti-ser.im  must  show  complete  abscnee  of  agglutinin  for  the 
absorbing  antigen,  otherwise  any  remaining  agglutinin  cannot  be  adjudged  to 
be  primary  or  secondary  (group).  If  therefore  in  the  test  residual  agglutinin  for  the 
absorbing  antigen  is  present  further  addition  of  that  antigen  must  be  made 
in  order  completely  to  remove  agglutinin.  An  anti-serum  cannot  be  exhausted  of 
primary  agglutinins  by  an  organism  of  a  species  other  than  the  homologouN 
organism.  It  is  always  exhausted  by  its  homologous  organism. 

B8"313  TEST  OF  SERUM. — (1)  Determine  the  agglutination  titie 
of  the  test  serum  to  a  series  of  suitable  organisms.  (2)  Absorb  the 
serum  with  suspensions  of  these  organisms  as  described  in  B8*312.  (-5) 
Determine  the  extent  to  which  the  absorbed  serum  has  been  dei)iive<l 
of  both  primary  and  secondary  (group)  agglutinins  to  each  of  the  organ- 
isms   used     fur    iil)^i(r|itiiiM. 

B8-32  ABSORPTION  TEST  MENINGOCOCCUS.' 

Notts. — 'The  methods  given  may  be  considered  applicable  to  any  orcanism  which 
reiiuires   classification  according  to  serological   type. 

B8'321.' — (I)  .Make  suspensions  with  0-85  S.S.S.  of  24-hr.  growths 
on  legumin  tryp-agar  which  should  contain  no  blood  .t  other  body 
fluid.  {2)  Keep  30  min.  at  65C.  (3)  Dilute  the  suspension  to  a  .strength 
of  1000  million  per  c.c.  (4)  Add  phenol  to  05  i)er  cent,  (o)  Set  up  (> 
centrifuge  tubes  each  containing  2  c.c.  l-25selected2  (ypp,  meningococcus 
Hcnim.  ((5)  Add  to  No.  1  tube  2  c.c.  suspension  of  known  homologous 
type  meningococcus,  to  No.  2  tube  2  c.c.  suspension  of  test  <irganisni. 
to  No.  3  tube  2  c.c.  first  heterologous'  type  meningococcus,  to  No.  4  f  id)i' 
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2  c.c.  second  heterologous  type  nieiiingococcus,  to  No.  5  tube  2  c.c.  thirrl* 
heterologous  type' meningococcus  and  to  No.  6  tube  2  c.c.  0"85  S.S.S. 
(7)  Keep  24  hr.  at  37C.  (8)  Note  the  degree  of  agglutination  in  each 
tube,  (9)  Centrifugalize  at  high  speed.  (10)  Use  the  clear  S.N.F.  of 
each  tube  in  test,  undiluted  and  in  dilutions  1 — 2,  3  and  4.     (11)  Set  out 

3  racks  of  5  rows  each,  for  4  small  T.T.  in  each  row.  (12)  Add  to  each 
T.T.  of  each  row  of  No.  1  rack  0-5  c.c.  of   diluted  and  undiluted    S.N.F. 

rom  No.  6  tube,  one  dilution  to  each  T.T.  of  a  row.  (13)  Add  to  the  T.T. 
of  No.  2  rack  O'S  c.c.  of  diluted  and  undiluted  S.N.F.  from  centiifuge 
tubes  Nos.  1  to  5,  one  S.N.F.  only  with  its  dilutions  to  one  row.  (14) 
Proceed  with  No.  3  rack  in  identical  fashion  to  No.  2  rack.  (15)  Add 
to  (ach  T.T.  of  row  1  No.  1  rack  and  to  each  T.T.  of  row  1  No.  3  rack 
0'5  c.c.  antigen  suspension  homologous  type  meningococcus.  (16)  Add 
to  each  T.T.  of  rows  2,  3,  4  and  5,  respectively,  of  Nos.  1  and  3  racks  05  c.c. 
antigen  suspension,  test,  first  heterologous  type,  second  heterologous  type, 
and  third,  heterologous  type  meningococcus,  one  of  these  suspensions  for 
each  row  of  each  rack.  .  (17)  Add  to  each  T.T.  of  all  rows  of  No.  2  rack 
0-5  c.c.  antigen  suspension  homologous  type  meningococcus  throughout. 

Notes. — 'The  test  consists  in  a  determination  of  the  agglutinating  potency  of  an 
unabsorbed  type  serum  with  regard  to  type  1,  test,  type  2,  type  3  and  type  4  menin- 
gococci, and  of  its  potency  after  absorption  by  type  1,  test,  type  2,  type  3  and  type  i 
meningococci  to  its  homologous  type  meningococcus,  and  of  its  potency  after  absorption 
by  its  homologous  type  meningococcus  to  type  1,  by  test  meningococcus  to  test  menin- 
gococcus, by  type  2  meningococcus  to  type  2,  by  type  3  meningococcus  to  type  3,  and  by 
type  i  to  type  4.  Rack  No.  1  gives  the  agglutination  of  meningococci,  with  the  selected 
unsaturated  serum.  Rack  No.  2  controls  the  saturation  of  the  serum  by  homologou.o, 
heterologous  and  test  meningococci.  Rack  No.  3  gives  the  degree  to  which  the  various 
meningococci  remove  any  secondary  (group)  agglutinins  contained  in  the  selected  serum. 
^Before  proceeding  to  a  saturation  test  each  test  meningococcus  is  provisionally  typed 
by  agglutination  and  the  type  serum  or  sera  selected  for  the  tests  on  the  result  of  this 
agglutination.  ^VVhat  the  three  heterologous  types  will  be  depends  on  what  is  the 
type  serum  selected  as  a  result  of  agglutination  tests.  ''The  anangement  given  is  based 
on  the  existence  of  4  type  meningococci. 

B8'322. — (1)  Set  up  a  series  of  T.T.  containing  the  amount  of 
anti-jerum  which  is  used  in  test.  (2)  Determine  the  amount  of 
homologous  organism  antigen  which  serves  just  to  reduce  the  agglutinating 
power  of  the  serum  for  the  homologous  organism  to  nil  or  nearly  nil  and 
use  this  amount  in  test.  (3)  Set  up  antigen  anti-serum  mixtures.  (4) 
Keep  the  mixtures  in  the  ice  chest  over  night.  (5)  Centrifugalize.  (6) 
Test  S.N.F.  for  agglutinating  power  to  homologous,  heterologous  and  test 
antigen. 
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B8-33  ERYTHROCYTES.' 

Molt*.— U"-.hI  ill  (.■^tiii'^  the  ■iuitability  of  a  donor's  Mood  for  tmn!>fii»iou.  Hcsidos 
the  uiulosiniblc  agglulinftlion  of  orjthMCj-tos  an  iindosirnblo  hirmolysis  (B  10*42)  of 
en-throcytcs   may   be   found. 

B8*331.— (1)  Collect  donor's  and  patient's  erythrocytes'  by  taking 
the  blood  into  1  per  cent  citrated  0-95  per  cent  salt  sol.  (2)  Make  a 
1-20  dilution  of  the  citrated  blood.  (3)  Set  up  a  .series  of  4  small  T.T., 
No.  1  containing  in  equal  quantities  patient's  serum  and  patient's  ery- 
throcytes, No.  2  donor's  serum  and  patient's  erythrocytes,  No.  3 
patient's  .serum  and  donor's  erythrocytes.  No.  4  donor's  serum  and 
donor's  erythrocytes.     (I)  E.xamine  for  agglutination. 

Notts. — 'The  erythrocytes  may  be  washed,  although  this  is  not  «l>solutely 
necessary. 

B8'332'. — (l)IIave  available,  if  possible,  a  group  2  and  group  ."} 
standanl  blood  serum.  (B10"4221).  (2)  Prepare  mixtures  on  coverslips 
of  one  loopful  of  each  .serum  and  one  loopful  of  each  erythrocyte 
susp.»asion.  (3)  Prepare  hanging  drops.  (1)  Ring  the  coverslips  with 
\'as?line.  (5)  Keep  at  R.T.  (G)  Examine  every  5  min.  with  a  3rd  in. 
objective  tiking  care  to  difEerentiate  between  rouleaux  formation  and 
clumping. 

Notts. — 'The  point  of  importance  to  determine  is  that  the  serum  of  the  patient 
shall  not  aa'.;lutinatc  the  erythrocytes  of  the  donor.  The  erythrocytes  of  proup  1  are  not 
asstntjnated  bv  semm  of  groups  2  and  3.  The  erythrocytes  of  group  2  are  agglutinated 
by  group  S  scrum  and  not  by  group  2  serum.  The  er3'throcytes  of  group  3  arc  ngglutin- 
»tel  by  group  2  scnira  and  not  by  group  3  serum.  The  erjrthrocytes  of  group  4  are 
»g?lutin»tcd  by  group2and  group  3  sera.  Thus  by  the  use  of  serum  from  individuals  of 
group  2  and  3,  all  bloods  can  be  grouped.  Group  1  donors  can  give  blood  to  anybody; 
group  4danr>rjcan  only  give  blood  to  group  4  patients  ;  group  2  can  give  to  group?  1  and  2 
and  group  3  to  groups  1  and  3.  It  is  best,  if  possible,  to  use  only  group  1  donors. 
Group  2  and  group  3  sera  can  be  preserved  in  the  ice  chest  for  several  months.  Group  2 
and  group  3  erythrocytes  miy  b.-  preserved  for  4  weclcs  in  the  ice  chest  in  the  following 
wl.  :— 3  drops  blood  to  each  c.c.  of  the  mixture, — formalin  9-5  ;  2  per  cent  citrated 
0  8.5  S.S..S.  5000.  Agglutination  should  take  place  within  5  min.  The  clossification  of 
grnupa  here  used  is  the  Jansky  classification  which,  stated   in  full,   is  as  follows  : — 

Group  1  :— The  serum  of  this  group  agglutinates  the  erythrocytes  of  groups  2, 
3  and  4,  while  the  erythrocytes  of  this  group  arc  not  agglutinated    by  any  serum. 

Oroup  i  : — The  scrum  agglutinates  the  erythrocytes  of  groups  3  and  4,  but  not  those 
of  groopa  1  and  2,  while  the  erythrocytes  are  agglutinated  by  the  si-rum  of  groups 
I  and  3,  but  not  by  those  of  groups  2  and  4. 

Group  3  :— The  serum  agglutinates  the  erythrocytes  of  groups  2  and  4,  but  not 
tboac  of  eroup*  1  and  3,  while  the  erythrocytes  are  agglutinated  by  the  senini  of  group* 
I  and  2,  but  not  by  those  of  groups  3  and  4. 

Group  4  :— The  serum  agglutinates  the  erythrocytes  of  no  grouji  while  the  erythro- 
cyte* are  agglutinated  by  the  serum  of  groups!,   2  and   3. 
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Another  classiliialioii  which  h.is  been  nuuli  used  is  the  Moss  classification,  which, 
stated  in  full,  is  as  follows  : — 

Qroup  1  :— The  serum  of  this  group  agglutinates  the  erythrocytes  of  no  group, 
while  the  erythrocytes  of  this  group  arc  agglutinated  by  the  scrum  of  groups  2,  3  and  4. 

Oroiip  2  : — The  serum  agglutinates  the  erythrocytes  of  groups  I  and  3,  while  the 
erythrocytes  are  agglutinated  by  the  scrum  of  groups  3  and  4. 

Oroiip  3  : — The  serum  agglutinates  the  erythrocytes  of  groups  1  and  2,  while  the 
erythrocytes  are  agglutinated  by  the  scrum  of  groups  2  and  4. 

Group  4  : — The  serum  agglutinates  the  erythrocytes  of  groups  1,  2  and  3,  while 
the  erythrocytes  are  not  agglutiiiateil  by  any  serum. 

B8-4  ANAPHYLACTIC  ACTION.' 

Noles.— 'Under  this  term  I  have  included  a  variety  of  tests  which  have  for  their 
basis  the  occurrence  of  a  specific  reaction  in  a  sensitized  or  susceptible  individual  or  the 
occurrence  of  a  detinite  train  of  symptoms. 

B8-41  ANAPHYLACTIC  SHOCK.' 

Notes. — 'The  symptoms  are  : — Restlessness  and  hyperalgaesia,  lowering  of  temper- 
ature, fall  of  blood  pressure,  dyspnoea,  inspiratory  distension,  collapse  with  passage  of 
urine  and  faeces,  stoppage  of  respiration  before  cessation  of  hearfs  action.  Other  signs 
are  distension  of  the  lungs  and  Huidity  of  the  blood. 

B8'411.— (1)  Inject  a  G.P.  with  O'Ol  cc'  foreign  serum  sub- 
cutaiieoiisly  or  intiaperitoneally  a.s  sensitizing  dose.  (2)  Inject  15  days, 
6  months,  or  12  months  later.  (V2.5  cc.  of  tlie  same  foreign  serum  intra- 
venously, intraspinally,  or  subdurally  or  5  to  10  cc.  subcutaneously 
as  sliock  dose.     (3)  Observe  the  symptoms. 

Notes. — 'A  larger  amount  such  as  5  to  10  cc.  may  be  used  as  a  sensitizing  dose,  but 
in  that  case  the  anaphylactic  state  will  take  longer  to  establish. 

B8-412.— (1)  Heat  milk  20  min.  at  lOOC.  (2)  Inject  1  cc.  intra- 
peritoneally  in  a  350-grm.  G.P.  (3)  Inject  0-25  cc.  as  .shock  dose  sub- 
durally 2('d.  or  more  after  the  sensitizing  dose. 

BS*413. — (1)  Inject  a  G.P.  with  O'Ol  cc.  egg  white  subcutaneously. 
(2)  Inject  0-C02  cc  as  shock  dose'  intravenously  or  subdurally  20f/.  or 
n.ore  after  the  sensitizing  dose. 

Notes.— ^\n  unsensitized  G.P.  can  be  given  a  dose  of  1  or  2  cc.  without  showing 
symptoms. 

BS"414.— (1)  Inject  a  G.P.  intraperitoneally  with  1  cc  horse 
or  ox  serum  as  sensitizing  dose.  (2)  Inject  15rf.  later  intravenously 
2  cc.  of  the  serum  per  kilogrm.  weight  as  shock  dose. 

B8'415.— (1)  Inject  a  15C0-grm.  rabbit  with  5  cc  foreign  serum 
per  kilogrm.  weight,  subcutaneously  or  intravenously.  (2)  Inject  lOd. 
later  3  cc  of  the  serum  intravenously.     (3)  Observe  the  result.i 

Notes.—'  The  symptoms  of  shock  should  appear  in  30  rain.,  and  death  take  place 
in  a  few  hrs.  If  the  dose  is  insufficient  to  produce  this  effect  only  a  specific  local 
reaction  will  take  place,  with  local  oedema  and  necrosis. 
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B8'416.  (1)  Inject  a  rabbit  subcutaueously  with  2  c.r.  liorsc 
or  ox  serum  as  sensitizing  (lose.  (2)  Inject  15rf.  later  intravenously  2 
c.c.  of  the  serum  per  kilogrm.  weight  as  shock  dose. 

B8*417.— (1)  Inject  a  young  cat  with  0-25  c.c.  horse  .serum.  (2) 
Observe  the  result.^ 

Mttot— 'Horse  serum  is  luarkedly  toxic,   even  in  tlic  uiisciisilized  auiiuul. 

B8'418. — (!)  Inject  a  dog  subcutaneously  with  10  c.c.  horse  serum. 

(2)  inject    5  c.c.  serum  intravenously  5  weeks   later.     (3)  Observe  the 
result. 

B8*42  PASSIVE  ANAPHYLAXIA  :  B8*421,-(l)  Inject  a  series 
of  2-JU-gnii.  G.P.  iiitrai)eritiirit'ally  or  iiitra\iMii)usly  each  with  I  c.c.  of 
the  serum  of  a  rabbit  which  has  been  highly  immunized  to  a  given  protein 
antigen.  (2)  Inject  24  hr.  later  in  the  G.P.  a  series  of  doses  of  antigen 
intravenously  to  determine  the  smallest  dose  which  causes  death'  or 
causes  definite  symptoms.- 

NotW. — 'NLiiimum  lethal  dose.  -Miiiiimiiu  symptomatic  dose.  A  measure  of 
the  potency  of  the  autisenim. 

B8'422. — (1)  Inject  a  series  of  2.5U-grm.  G.P.  intraperitoneally  with 
0*1,  0'3,  05,  1  and  2  c.c.  of  an  anti-.serum.  (2)  Inject  21  hr.  later  each 
G.P.  intravenously  with  02  c.c.  of  the  protein  antigen  to  the  anti-serum. 

(3)  Observe  the  result. 

B8'423. — (1)  Mi.x  1  c.c.  of  anti-serum  with  a  series  of  increasing 
quantities  of  it.s  protein  antigen.  (2)  Inject  the  mi.\tures  intraperi- 
toneally in  2.5U-grm.  G.P.  (3)  Determine  the  degree  of  anapliyla.xis  by 
injecting  a  large  tlose  of  antigen  intravenously. 

B3'424.^(l)  Inject  a  rabbit  2  or  3  times,  with  several  days"  interval, 
subcutaneously,  intraperitoneally,  or  intravenously  with  serum,  milk, 
or  other  protein  antigen.  (2)  Bleed  the  rabbit  (id.  after  the  last  injection. 
(3)  Inject  a  G.P.  with  1  c.c.  of  the  serum  obtained.  (I)  Inject  the  tJ.l'. 
24  hr.  later  with  G"ij  c.c.  protein  antigen. 

B8*425. — (1)  Keep  rabbit  anti-serum  ly  lir.  on  ice  in  contact  with 
a  suitable  amount  of  its  protein  antigen.'  (2)  Centrifuge.  (3)  Kemove 
the  S.X.F.  and  keep  1-5  hr.  at  37C.  (4)  Inject  005  c.c.  of  this  S.N.F. 
into  tin-  shaven  skin-  of  a  G.P.,  or  05  c.c.  intravenously.-' 

"•tel.— '£.j.,  foreign  serum,  bacteria,  tumour  tisHue,  placental  tissue,  etc.  'A 
•kin  reaction  hhuuld  be  profJuced  if  the  antiserum  contain  antibodies  to  the  protein 
•aligeo.  'Anaphylactic  shock  should  be  produced  if  the  anti-serum  contain  anlibodicB 
to  the  prot«in  antigen  :  otherwise  injection  even  of  o  c.c.  is  without  e Uect. 
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B8*43  BACTERIA.— (1)  Inject  G.P.  \vitli  001  mgm.  killedi  bacteria 
in  suspension  subcutaneously  or  intraperitoneally  on  6  to  10  successive 
days.  (2)  Inject  15rf.  later  1  to  2  c. c.  of  a  thick^  suspension  of  the  bacteria 
intravenously.     (.S)  Observe  the  symptoms. 

Notes. — 'By  heat.     -I.)iie  agar  slope  culture  in  lU  tii  15  c.c.  N-10  sod.  !iydro.\icle. 

BS'44  ANAPHYLACTIC  EFFECT  WITHOUT  ANTI  SERUM  : 
B8'441. — (1)  Mi.\'  01  c.c.  inactivated^  normal  horse  serum  with  4  to 
8  c.c.  fresh  G.P.  serum.  (2)  Leave  24  hr.  (3)  Inject  4-5  c.c.^  of  the 
mixture  intravenously  in  a  G.P.     (4)  Observe  the  effect. 

Notes. — 'Tlic  mixture  may  consist  of  O'l  c.c.  inactivated  normal  G.  P.  serum  with 
4  to  8  c.c.  fresh  horse  serum.  Mixtures  of  coagulated  albumin,  horse  serum  heated 
to  lOOC,  nutrient  agar,  peptone,  bacteria,  etc.,  with  fresh  G.  P.  serum  produce 
the  same   results.     -30  min.  at  50   to   GOG.     ^This    quantity    should    produce    fatal 

symptoms. 

B8*442. — ( 1)  Mix  bacterial  suspension  with  fresh  G.P.  serum  in  the 
proportion  :^suspension  1  ;  serum  4.  (2)  Keep  G  hr.  at  37C. 
(3)  Centrifugalize  at  high  speed.  (4)  Inject  the  S.N.F. 
intravenously  in  the  G.P.     (5)  Observe  the  effect. 

B8"443. — (1)  Inject  a  G.P.'  intravenously  with  C*8  grin,  peptone 
per  kilogram  weight.     (2)  Observe  the  symptomt'. 

Notes. — ^'Rabbits  and  rats  are  more  resistant  than  G.  P.  The  M.L.D.  for  these 
animals  are  :— G.  P.  0'3  to  O'S  grm.,  rabbit  3  grm.  ;  rat  2  grm.  per  kilogrm.  weight. 

B8*44. — (1)  Inject  a  dog  intravenously  with  03  grm.' peptone 
per  kibgrara  weight.  (2)  Observe  the  symptoms." 

Notes.— ^Doses  as  small  as  0-03  grm.  may  be  sufficient  to  produce  symptoms. 
^Should  appear  in  about  30  see. 

B8-45  CUTANEOUS'  REACTIONS. 

Notes.— 'Under  this  title  are  included  not  only  the  results  of  surface  applications 
tu  tlie  scarified  skin,  but  also  intracutaneous,  percutaneous  and  subcutaneous  tests. 

B8*451. — ;i)  Shave  the  skin  of   a    rabbit  over  flank   or  abdomen 
10  d.    after    administering    the    sensitizing    dose    of   protein  antigen. 
(2)  Inject  5  hr.  after  the  shaving  O'OOl  to    0*1    c.c.    protein  antigen 
intracutaneously. " 
Notes.— 'K.B.  8-473. 

Bi*452. —  r.  in  detail  under  tuberculin,  mallein  and  hay  fever  tests. 

B8-46  OPHTHALMO  REACTION.' 

Notes. — 'F.  in  detail  under  tuberculin,  mallein  and  hay  fever  tests.  Syn, 
conjunctival  test. 
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B8-47  B.  TUBERCULOSIS.' 

Ngtfl, Un  lulilitiuii  to  tlio  local  reaction  there  may    be    a  general  reaction,  and 

local  reaction  in  the  neiglibourliooj  of  the  tuberculosis  infection.  The  general  reaction 
cutviistii  in  rise  of  temperature,  general  malaise,  rapid  pulse,  increased  respiration,  and 
Iocs  of  api>etite. 

B8-471  CUTANEOUS  SURFACE  TEST,  (l)  Disinfect  an  area 
on  the  forearm  with  ale.  anil  ether.  (2)  Make  3  abrasion..'  2  in. 
ajiart  with  a  vaccination  borer  or  other  suitable  in.strument.  (3)  Apply 
a  drop  of  undiluted  old  tubsrculin  to  the  upper  and  lower  abra.sions. 
(4)  Remove  the  excess  of  tuberculin  with  absorbent  cotton  wool  after 
5  min.  (.5)  Leave  the  untouched  centre  abrasion^  as  a  control.  (')) 
Observe  the   reaction.'' 

Notts.— 'Without  causing  bleeding.  ^Taking  very  great  care  that  no  tul>erculin 
comes  in  contact  with  it.  'The  reaction  appears  in  4  to  G  hr.,  reaches  its  ma.ximum  in 
24  to  48  hr.  and  then  subsides  rapidly.  The  degree  of  reaction  is  given  by  the  diameter 
of  the  reddened  area.  A  reaction  is  considered  positive  which  shows  an  areola  of  at 
least  5  mm.  greater  diameter  than  any  appearing  at  the  control  area. 

B3-472  PERCUTANEOUS  TEST.  -(1)  l)i;infect  an  area'  on  the 
forearm,  chest,  or  abdomen,  with  ale.  and  ether.  (2)  Rub  in  with 
the  finger  for  1  min.  a  piece  of  ointment-  about  the  size  of  a  pea  over  any 
area  not  greater  than  5  sq.  cm.  (3)  E.xamine  for  reaction^  after  21  and 
48  hr. 

Notts.— "The  skin  should  be  shaved  free  of  hairs.  'Equal  parts  old  tuberculin  and 
lanolin.  Undiluted  tuberculin  may  be  used  instead  of  an  ointment-  "Erythema 
and  a  papular  eruption- 

B8-473  INTRACUTANEOUS  TEST. -(1)  Use  a  syringe  with  very 
fine  needle.  (2)  Inject  into  the  cutis  on  the  back  of  the  forearm  00.5 
to  0-1  c.c.  1-5000  oh',  tuberculin  to  produce  a  raised  white  area.'  (.3) 
Repeat  the  injection  if  negitive  with  a  concentration  of  1-1000  and  if 
still  negative  with  1-100,  and  finally,  if  neces.sary,  with  I-IO  tul)i'r(  ulin. 
(4)  E.xamine  from  the  8th  hr.  onward  for  reaction." 

MotSS.— 'This  disappears  in  about  lomin.  *Thc  reaction  reaches  its  maximum  in 
24  to  l>i  hr.  No  reaction  is  considered  positive  which  does  not  persist  for  more  than 
4S  hr.     The  degree  of  reaction  is  given  by  the  diameter  of  the  inliltrated  area. 

B8-474  INTRACUTANEOUS  ANIMAL  TEST.H')  «l'«^«  »" 
area  at  the  side  of  the  iieek  or  at  tin'  roof  of  the  tail.  (2)  Inject  into 
theskinOMc.c.  .50  per  cent  old  tuberculin.  (.3)  Wait  48  hr.  (4)  Choose 
2  point.s  on  the  .shaven  surface  of  the  skin  exactly  -5  cm.  apart.  (5) 
Compress  the  skin  between  these  2  points  with  the  fingers.     {<"<)  Take 
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the  thiflaiess  of  the  conipiesscd  skin  with  calipers  and  compare^  with 
the  same  .skin  ineai.ured  before  injection. 

Notes. — 'Differences  in  the  thickness  up  to  O'i  cm.  may  be  considered  as  negative, 
03  to  0-7  cm.  as  doubtful,  and  swellings  of  over  7  cm.  as  distinctly  positive. 

B8-475  SUBCUTANEOUS  TEST.— (1)  Take  the  patient's  tem- 
perature' anil  puis.'  rate  J-liourly  lor  ~)d.  (2)  Inject  just  below  the 
angle  of  the  scajjnla  or  liehiw  tin'  insertion  of  the  deltoid,  or  above  the 
ankle  0-2  nigni.-  old  tuberculin.  (2)  Observe  the  temperature  every 
3  lir.  (.*?)  Inject  1  mjini.  at  the  end  of  48  hr.  if  tiiere  is  no  reaction, 
but  if  there  is  a  reaction,  even  of  lialf  a  ('egree.  ie])eat  the  first  dose 
oniv.''  (4)  Give  a  d.ose  of  ')  nigni.  as  third  (!ose  if  there  is  still  no 
reaction.  (5)  Give  a  final  ('o.se  of  10  nigni.  as  fourth  do.se  before 
concluding  as  to  freedom  from  tuberculosis,  always  supposing  there 
has  been  no  reaction. 

Notes.— 'The  temperature  slionkl  not  be  over  99r.  for  the  test  to  be  applied. 
20-1  mgm.  for  children  under  15  yr.  ^If  the  temperature  shows  irregularity,  the  intervals 
between  injections  should  be  72  hr.  A  rise  of  one  degree  Fahrenheit  or  more  above  the 
previous  maximum  constitutes  a  positive  reaction.  Local  and  focal  reactions  should  be 
looked  for.  The  local  reaction — track  reaction — should  appear  in  24  hr.  and  consists  of 
subcutaneous  infiltration,  pain  and  swelling,  and  redness  at  that  point  where  the  eye 
of  the  needle  lay.  In  cases  of  great  susceptibility  the  entrance  point  and  the  needle 
track  will  also  show  redness. 

B8-476  SUBCUTANEOUS  ANIMAL  TEST.— (1)  Keep  the  animal 
in  its  .stall  for  some  days  before  inoculation.  (2)  Take  the  rectal  tem- 
perature of  the  animal  morning  and  evening  for  2  or  Zd.  previous  to 
inoculation.  (.3)  Inject  old  tuberculin,'  suitably  diluted,  subcutaneously, 
in  the  middle  of  one  side  of  the  neck  about  11  p.m.  (4)  Take  the  tem- 
perature of  the  animal  at  the  time  of  inoculation  and  again  6  hr.  later. 
(5)  Continue  to  take  the  temperature  every  2  hr.  thereafter  up  to  24  hr. 
after  inoculation.     (G)  Kecord  the  reaction. - 

Notes. — 'O'o  to  1  c.c.  in  horses  and  oxen,  005  to  0'15  c.c.  in  sheep  and  goats,  O'Ol 
to  01  c.c.  in  dogs.  -The  reaction  consists  of  a  rise  of  temperature  of  1'5  to  6F.  It 
appears  in  G  to  8  hr.  and  reaches  its  maximum  in  15  hr.  after  injection.  There  is  also 
some  constitutional  effect.  Healthy  animals  show  practically  no  temperature  reaction. 
If  it  is  suspected  that  the  animal  has  had  a  dose  of  tuberculin  shortlj-  before  the  test  in 
order  to  mask  the  reaction,  give  double  the  dose  of  tuberculin  and  take  the  temperature 
within  3  hr.  of  injection. 

B8-477  CONJUNCTIVAL  TEST.*  (1)  E.xanune  the  eye  for 
freedom  from  (fisease.  (2)  Instil-  one  drop  1  percent''  old  tuberculin"* 
into  the  conjunctival  .sac  of  the  lower  lid  uear  the  inner  canthus.  (3) 
Observe  the  results^  after  (J,    8,    12,    24    and   36  hr.     (4)   Repeat    the 
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procedure  on  the  i  ther  <'\e.  if  tin-  ifsult  is  nofzativc.  _'(/    Ip.tor  with  i  per 
cent  old  tuberculin. 


I. — 'Syn.  ophtlialino-reactioii.  Great  care  sliould  be  taken  tlint  unly  a  lieultliy 
eye  is  subjected  to  this  test.  'Keep  the  patient,  after  the  instiUatiuii,  with  head  thrown 
b«ck and  eye  open  for  1  uiin.  '0*r)  per  cent  in  children.  *lt  is  better  to  use  a  tuberculin 
specially  prejiared  for  this  test.  Such  a  prei>aration  can  be  jturchased.  It  can  be  pre- 
pared by  precipitating  old  tuberculin  with  2U  vol.  abs.  ale.  liltering  oti  the  precipitate 
and  drying  it  m  iticiio  over  sulphuric  acid  or  calc.  chloride.  The  dried  product  should 
be  used  as  a  4  per  cent  suspension  in  1>.\\'.  'The  reaction  appears  in  l>  to  S  hr., 
reaches  its  niaximum  in  24  to  48  hr.  and  disappears  in  4  to  (irf.  The  degree  uf  the 
reaction  may  be  described  as  : — grade  1 — reddening  of  the  carbuncle  and  palpebral 
conjunctiva  :  grade  2 — intenser  reddening,  with  involvement  of  ocular  conjunctiva, 
swelling  and  increased  secretion  ;  grade  'i — intense  reddening  of  the  whole  conjunctiva, 
several  chemosis,  much  librinous  and  purulent  secretion  and  small  echymoses.  *1  per 
cent  in  children.  The  reaction  is  not  to  be  relied  on  to  appear  in  early  tuberculosis. 
In  cattle  ill  per  cent  tuberculin  may  require  to  be  used. 

B8-478  NASAL  TEST.  -(1)  Use  a  swali  to  ai)i>ly  the  tuliciculiii 
and  keep  it  pre.s.set'  against  the  nasal  septiiiii  for  Id  niiii.  ("_')  Ob.scrve 
the  reaction'  after  Ifi  an<'.  '1\  lir. 

NotSS.— 'Kcducss,  secretion,  and    formation  of  crusts. 

B8-479  URETHRAL'  AND  VAGINAL'  TESTS. 

Notes. — 'These  may   be  useful  in  cattle. 

B8-48     B.  MALLEI  :  B8-481  SUBCUTANEOUS  ANIMAL  TEST. 

— (1)  Keep  the  animal  in  it.s  .-itall  for  .^onic  <'.ay.s  before  inoculation.  ('!) 
Take  the  rectal  temperature  of  the  animal  morning  and  evening  for  2  or  3rf. 
previous  to  inoculation.  (3)  Inject  luallein  suitably  diluted'  subcuta- 
neously  in  the  mitJdle  of  one  side  of  the  neck  at  G  a.m.  (-l)  Take  the 
temperature  of  the  animal  every  two  hr.  for  at  least  lb  hr.  (5)  Take 
the  temi)erature  of  the  animal  at  least  3  times  on  the  t'ay  succeeding  the 
injection.     (G)  Record  the  reaction. - 

Notts. — 'e.g.,  4  c.c.  1-10  mallein,  with  increase  to  double  if  the  reaction  is  nej:ative. 
'A  (Mwltive  reaction  is  shown  by  a  rise  of  temperature  within  24  hr.,  which  may  be  as 
high  as  1U5F.  The  temperature  has  to  be  carefully  watched  as  it  sometimes  recedes  to 
normal  within  a  few  hr.,  although  it  may  persist  for  a  day  or  two.  The  local  in Hnninia ■ 
tory  swelling  at  the  site  of  injection  may  reach  a  diameter  of  20  cm.  or  more.  It  is  useful 
to  |nTform  a  control  test  on  a  known  healthy    uniniul  a-  a  iiicans  ol  eomjiarison. 

B8-49  B.   TYPHOSUS:  B8-491    CONJUNCTIVAL    TEST.'     (1) 

Grow  a  virulent  B.  typho.suson  nutrient  agar.  (2)  .Suspentl  tli"  jjrowth 
in  D.W.  (3)  Keep  M)  niin.  at  0(>C'.  (4)  Centrifiigalize.  (."»)  CnlU-et 
the  bacterial  .sediment.  (G)  Dry  in  cacuo  over  sul]»liuric  acid  or  calc. 
chloride.     (7)  Grind  up  3  grm.  dried  bacterial   nia.sb  in  an  agate  mortar 
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witli  1  gnu.  sod.  chloride  lor  2  or  3  lir.,  sterile  water  being  added  drop 
by  drop  until  5  to  6  c.c.  have  been  added.  (8)  Make  up  to  ICO  c.c.  with 
sterile  water.  (9)  Keep  30  min.  at  GOV.  (10)  Decant  the  S.N.F.  from 
the  sediment .  (11)  Pour  the  S.N.F.  .slowly  into  10  times  its  vol.  of  abs. 
!iic.  (12)  Collect  the  precipitate.  (13)  Dry  rapidly  in  vacuo  over 
.suijiliuric  acid  or  calc.  chloride.  (14)  Use  the  powder  for  test  dissolved 
ill  w-.'U'v  in  1  percent,  .-irength.     (15)  Instil  1  drop. 

Notes. — ^Syn.     ophthalmo-rcaction. 

B8-492  CUTANEOUS  SURFACE  TEST.-  (1)  Use  a  killed  sus- 
pension of  bacteria  fur  the    test. 

B8-5  ANAPHYLACTIC  ACTION  :  ESSl  MENINGOCOCCUS  : 
B8-511  INTRACUTANEOUS  TEST.—(1)  Grow  a  series  of  strains  on 
1  percent^  starch  agaiwithout  peptone  48  hr.  (2)  Susjiend  the  several 
cultures  each  in  3  c.c.  0:85  S.S.S.  (3)  Mix.  (4)  Add  to  the  mixture 
3  times  its  vol.  abs.  ale.  (5)  Centrifugalize.  (6)  Eemove  the  S.N.F. 
(7)  Shake  up  the  deposit  in  the  same  vol.  of  abs.  ale.  (8)  Centrifugalize. 
(9)  Remove  the  ale.  (10)  Resuspend  the  deposit  in  ether  which  has 
been  di.stilled  over  sodium.  (11)  Centrifugalize  and  decant  the  S.N.F. 
(12)  Dry  the  deposit  in  vacuo  over  sulphuric  acid.  (13)  Grind  up  to 
powder.  (14)  Dry  agam  24  hr.  (15)  Make  into  su.spcnsion  with  G'5  per 
cent  carbolized  0'85  S.S.S.  (16)  Inject  intracutaneously  with  a  fine 
needle  0"05  c.c.  antigen  suspension.  (17)  Read  the  reaction*  at  6,  24 
and  48-hr.  periods. 

Notes. — 'A  jiositive  rcaction  =  a  well  dtinarcatcd  areola  3  to  7  mm.  diameter  which 
is   indurated. 

B8-52'  DPiHTHERI>E.--(l)  Dilute  a  fresh  diphtheria  toxin  so 
that  0-1  c.c.  contains  ]  EOth  M.L.D.2  for  a  2e0-gTm.  G.P.  (2)  Inject 
0^1  c.c.  of  this  dilution  intracut&neorsly  on  the  flexor  aspect  of  the  forearm 
to  produce  a  raised  while  area.  (3)  Ctscne  the  re sult^  after  24  to 
48  hr.^ 

Notes. — 'To  determine  susteiitiliilityanuirf:  contacts  with  a  case.  See  also  68*915. 
-The  M.L.D.  is  the  smallest  dcse  which  on  subcutaneous  injccticu  will  just  kill  a  G.P. 
after  4!i.  'If  the  injected  toxin  is  neutralized,  no  reaction  follows.  If  the  injected  toxin 
is  not  neutralized,  there  results  at  the  site  of  inoculation  an  area  of  circumscribed  redness 
and  oedema.     ^A  positive  reaction  persists  for  48  hr.  or  longer. 

B8-53  HAY  FEVER  :  B8-531  CONJUNCTIVA  TEST.'— (I)  Add 
10  c.c.  5  per  cent  salt  sol.  to  10  mgm.  appropriate  pollen  (A3*52).  (2) 
Filter  after  the  soluble  extracts  have  been  dissolved.  (3)  .Add  7  per  cent 
abs.  ale.  to  the  filtrate  and  use  in  test.     (4)  Instil  into  the  conjunctival 
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sac.  iiiitiully  ii  1 -20,000  dilut  ion-  of  tin-  testing  sol.  and  then  [iio^rfssivflv 
stronger  testing  sol.  if  no  reaction-'  takes  j)lace. 

NttM.— 'Syii.  oplitlialmo-rcaction.  Mailts  -vitli  U-5  per  cnil  snlt  »ol.  -Salt  boI. 
stronger  or  weaker  than  tliis  causes  irritation  indepeMclently  ot  the  action  of  the  |H)llen 
extract.  'The  reaction  shows  itself  as  a  slight  itcliiiii;,  fuiiit  reiUleninj:  at  the  inner 
canthus,  secretion  of  tears,  and  sneezing.  The  reaction  slioulil  apuear  in  alxjul  'i  niin., 
reach  a  iua.\imuin  in  about  5  min.,  and  disappear  in  30  min.  Slightly  susceplihie  indi- 
viduals may  reijuire  a  testing  sol.  10  to  20  times  stronger  than  in  very  susceptible  indi- 
Tiduals  to  elicit  a  reaction.  Normal  individuals  will  scarcely  react  even  to  freshly  dried 
pollen.  The  minimal  reacting  dose  is  made  the  basis  of  active  immunization  against 
hay  fever. 

B8-532  ANTITOXIN  CONJUNCTIVAL  TEST.- (I)  I's,.  as 
.standard  dose' one  drop  l-lii.(i(U)  ivi'  iiollcn  protein  sol.  equivalent  to 
l-10tX)tli  ingin.  dry  protein.  (2)  Set  up  nii.xtures  containing  varying 
dilutions  of  antitoxin  with  1-10,000  pollen  sol.  all  with  the  same  total  vol. 
(3)  Keep  1  hr.  at  37C.  (4)  Determine  which  of  these  mi.xtures-  on  in.stil- 
lation  into  the  conjunctival  sac  of  a  hay  fever  patirnt  just  fails  to  give  a 
reaction. 

Notes. — 'This  quautity  of  pollen  extract  should  deliuitcly  produce  reaction  in  a 
susceptible  individual.  -The  dilution  of  thcserum  at  this  point  is  the  index  to  its 
poteiK  y. 

B8-533  CUTANEOUS  TEST.'  (1)  Scarify  a  convenient  portion 
of  the  skin  to  remove  the  t'ead  horny  layers.  (2)  -Vpply  to  this  area  a 
watery  e-xtract  of  pollen  or  pollen  powder  itself. 

Notes. — *Can  be  used  in  a  patient  actually  suffering  from  hay  fever. 

B8-54  SPIROCH/ETA  PALLIDA  :  B  8-541  INTRACUTANE- 
OUS TEST.  (1)  Grow  tlic  Sp.  pallida  in  ;:s(ilic  fluid  tissue  iigaraiia-- 
robically  under  an  oil  seal.  (2)  Cut  the  tu'  e  and  remove  the  agar.  (3) 
Cut  out  the  portion  showing  most  marked  spirochajte  growth.  (4)  Grind 
up  this  portion  in  a  sterile  mortar  to  a  paste  and  add  to  it  a  fluid  culture 
of  spirochaites  so  as  to  produce  a  uniform  suspension.  (5)  Keep  1  hr. 
at  60C.  (0)  Add  05  per  cent  phenol.  (7)  Test  sterility.  (8)  Uae  in 
test.  (9)  Dilute  the  antigen  suspension  with  an  equal  vol.  of  085  S.S.S. 
(10)  Inject  as  dose  for  an  adult  007  c.c.  intracutaneously  at  the  insertion 
of  the  deltoid  muscle.     (11)  Note  the  reaction.' 

Notes. — '  A  positive  reaction  appears  in  30  hr.  and  dues  not  hubMdc  till  the  -Ith 
day.  A  negative  traumatic  reaction  may  also  show  itbcll  but  diwppears  within 
4hr. 

B8-6  ANTIANAPHYLATIC  ACTION.' 

Notes. — '  t)escnaitization. 
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B8-61  SUBCUTANEOUS  :  B8-611.-(l)  Inject  a  G.P.  intrave- 
nously with  0'25  c.c.  foreign  serum  as  sensitizing  dose.  (2)  Inject  O'Ol  c.c. 
serum  subcutaneously  at  hourly  mtervals  lid.  later.  (3)  Watch  very 
carefully  for  symptoms  after  each  injection.  (4)  Give  a  shock  dose  of 
0'5  c.c.  serum  intravenously  soon  after  the  last  subcutaneous  injection. 
(5)  Observe  the  symptoms'  produced. 

Notes. — '  The  symptoms  of  anaphylaxis  will  not  appear,  or  will  be  very  much 
less  than  when  the  shock  dose  is  administered  lid.  after  the  sensitizing  dose  without 
any  previous  desensitizing  doses. 

B8'612. — (1)  Inject  in  man  0'5  c.c.  horse  serum  subcutaneously  4  hr. 
before  the  injection  of  antitoxic  serum,  in  case  he  may  have  had  a  pre- 
vious injection  of  antitoxin  which  could  render  him  anaphylactic. 

B8'613. — (1)  Inject  subcutaneously  as  a  desensitizing  dose  1-lOth 
to  l-20th  of  a  full  dose  of  bacterial  antigen  10  miii.  before  the  adminis- 
tration of  the  latter. 

B8-62  INTRAVENOUS  :  B8-621.— (1)  Inject  a  sensitized  G.P. 
iutra^'enously  with  0'U25  c.c'  serum.  (2)  luject  0"1  c.c.  5  mill,  later. 
(3)  Inject  025  c.c.  2  min.  later. 

Notes.—*  The  shock  dose  being  0-05  l.c. 

B8'622.^(l)  Inject  a  rabbit'  which  is  being  used  to  produce 
htcmolytic  serum  intravenously  with  a  small  dose,  such  as  0"2  to  0'5  c.c. 
blood  the  evening  before  or  even  10  min.  before  the  full  regular 
dose. 

Notes. — '  Many  of  these  rabbits  die  in  the  course  of  immunization  if  not  thus 
treated. 

B8  63  INTRAPERITONEAL  :  B8-631.— (1)  Inject  a  sensitized 
G.P.  intiaperitoneally  w\X\\  3  c.c.  serum  heated  at  80C.  to  make  it 
resistant  to  a   fatal   subdural   shock  dose. 

B8'632.— (1)  Inject  a  sensitized  G.P.  with  0-02  c.c.  unheated  horse 
serum  intiaperitoneally  or  005  c.c'  subcutaneously  in  order  to  protect  it 
from  an  intravenous  or  subduial  .shock  dose  administered  4  hr.  later.- 

Notes. — '  A  dose  at  least  50  times  less  than  the  fatal  dose.  ^Desensitization 
on  the  average  may  be  set  down  as  established  4  hr.  after  the  desensitizing  dose  when 
administered  subcutaneously  ;  1 J  hr.    intraperitoneally. 

B8-64  SUBDURAL  :  B8-641.-  (1)  Inject  0-25  c.c  serum  sub- 
durally  belure  the  cDiupletion  ui  the  incubation  jieriod'  in  a  sensitized 
animal. 

Notes.— I  VU 
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B8*6i2.-(l)  [njoct  less  timn  tlio  shock  dose'  of  soruin  sulMiuraly 
in  the  sensitized  auinial  If  tlie  inoul)Htion  )M'rio(12  has  been  i  oniiih>te<l. 

N0t«t.  -  'dlMIJ    fn   0(l-J.-,     ,-.,•.  M  2   ,1. 

B8-o5  ORAL:  B3.651.— (1)  tJive  ;i  V,.\\  sensitizeil  to  white  of 
egg  5  c.c.  of  wliite  of  eiTj;  to  insfest  2  or  .]il.  before  atlniinisteiint^  tlie 
shock-  -lose. 

BS-66  RECTAL:  B3'661.  -(1)  Inject  per  rectum  T.j  c.c.  senun 
in  the   sciisiti/cc(i    aniiiiiil. 

B8  7  ANTIENDOTOJCIC  ACTION. 

Notts.  — '  In  which  is  included  protective  and  antibacterial  action. 
B8-71  V.  CHOLERiE  :  B8-711.  (1)  Ad(Miniinishiii«  (|uantitiesof 
aiitiemlotoxic  serum  to  ;i  series  of  T.T.  containing;  "J  il.l..l).  toxin.  (2) 
Keep  10  mill,  at  R.T.  (.})  Inject  the  mixture  subcutaiu'ously  in  a 
2.jO-grm.  G.P.  (4)  Determine  the  amount  of  serum  neces.sarv  to 
neutralize  the  toxin. 

B8'712.  -(1)  Inject  a  series  of  mice  subcutaneously  with  10  M.L.I), 
of  a  serum  broth  culture.  (2)  Inject  20  lir.  later,  intrajjeritoneaily, 
varA'ing  doses  of  anti-serum,  to  ttetermine  the  smallest  dose  which  will 
protect. 

B8-72  B.  DYSENTERI/E  SHIGA:  B8-721.—(l)  Determine  the 
intravenous  minimum  lethal  dose  of  toxin  for  the  rabbit.  (2)  Set  up  a 
series  of  T.T.  each  containing  10  minimum  lethal  doses  of  toxin  with 
diminishing  quantities  of  anti-serum.  (3)  Bring  the  total  vol.  of  the 
mi.xtures  up  to  4  c.c.  with  0-85  S.S.S.  (4)  Keep  1  hr.  at  37C.  (5)  Inject 
the  mixtures  intravenously  in  young  rabbits.  (<>)  Observe'  the  animals 
for  at  least  od.     (7)  Determine  the  protective  power  of  the  te.st  .seriiir, 

NotM. — 'The  symptoms  of  toxic  action  arc  diarrhoaa,  paralysis  of  extremities, 
loss  of  wciirht,  and  death. 

B8-722.— (1)  Inject  200-grm.  G.P.  intraperitoneally  with  o-'),  0-:!. 

O'l, c.c.  anti-sndotoxic  serum.     (2)  Inject  a  miniriiiim  letli;il 

dose  of  endotoxin   6  hrs.   later. 

B8'723.— (1)  Inject  200-grm.  G.P.  intraperitoneally  with  one  .M.LJ). 
of  endotoxin.  (2)  Inject  anti-serum  intra|)erit(Uieally  1  hr.  later  in 
quantities  of  01,  0-.3,  0  5  and   1  c.c. 

B8'724.— (1)  Mix  the  2i-hr.  intraperitoneal  .M.L.I),  of  toxin  with 
diminishing  quantities  of  anti-serum  in  a  T.T.  (2)  Inject  the  mixtures 
intraperitoneally  in    G.P. 
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B8*725, — (1)  Select  an  antidyscnteric  serum  to  be  the  standard. 
(2)  Preserve  in  a  dry  state  in  vacuo.  (3^  Use  as  unit  the  amount  of 
standard  antitoxin  which  neutralizes  100  M.L.D.  of  a  given  toxin.  (4) 
Standardize  test  sera  by  means  of  the  L+  dose^  of  the  toxin,  using 
rabbits  as  the  test  animal,  intravenous  dosage,  and  survival  or  death  in 
4  or  5rf.  as  the  criteria. 

Notes. —  'The  toxin  antitoxin  mixture  is  kept  1  hr.  at  37C.  before  injection. 

B8'73  B.  TYPHOSUS  :  B8-731.— (1)  Determine  the  24-hr.  intra- 
peritoneal M.L.D.  of  B.  typliosus  for  a  2.50-grm.  G.P.  (2)  Mix  10  M.L.D. 
with  diminishing  quantities  of  an  antityphoid,  serum.  (.3)  Determine 
the  amount  of  jerum  which  just  suffices  to  protect  a  G.P.  against  this 
quantity  of  antigen  =a  protective  unit  of  serum.  (4)  Determine  the 
L  4-  dose'  of  the  culture  with  reference  to  the  unit  of  serum.  (.5)  Titrate^ 
test  sera  agp.inst  this  L+dose. 

Kotos.— 'F.  B8'9138.  and  S7-4103.  ^The  amount  of  test  serum  which  just 
permits  the  death  of  the  G.P.  within  24  hr.  contains  one  protective  unit. 

B8'74  MENINGOCOCCUS:  B8.741  ANTIGEN.— (1)  Grind  up 
0'0.5  grm.  dried  meningococcus  in  an  agate  mortar  with  r25  c.c.  D.  W. 
(2)  Add   1-25  c.c.   N-20  sod.  hydroxide. 

B8*742  TEST.— (1)  Set  up  mixtures  of  graded  quantities  of  antigen 
O'l  to  0'15  c.c.  with  0'5  c.c.  normal  and  test  sera.  (2)  Keep  30  min. 
at  37C.  (3)  Inject  the  mixtures  intraperitoneally  into  mice  of  12  to 
20  grm.  weight.  (4)  Keep  the  animals  under  observation  in  a  warm' 
place. 

Notes. — '  The  endotoxin  produces  a  fall  of  temperature, 

B8'75  B.  ANTHRACIS:  B8-751.—(l)  Inject  5  rabbits  intra- 
venou.sIy  with  C,  .5,  4,  3  and  2  c.c.  anti-serum.  (2)  Inject  5  to  10  min. 
later  these  rabbits  subcutaneously  each  with  0'002  mgm.  virulent  B. 
anthracis.  (3)  Inject  a  control  rabbit  with  6  c.c.  normal  serum  followed 
by  0-002  mgm.  virulent  B.  anthracis.  (4)  Determine  the  quantity  of 
serum  which    protects. 

B8*752.— (1)  Determine  the  quantity'  of  anti-serum  which  in 
mixture  with  1000  M.L.D.  of  B.  anthracis  can  delay  the  death  of  a 
rabbitsubcutaneously  injected  for  6  to  8  hr.  as  compared  with  a  control 
rabbit. 

Notes. — ^  This  amount  is  described   as  representing  half  a  unit. 

B8'8  ANTIHiEMOLYTIC  ACTION  :  B8-81  BACTERIAL  HE- 
MOLYSIN :    B8-811.  -(1)  Set  up  a  series  of  small  T.T.  containing  2  c.c. 


H".  F.  HarV^y.  2vS5 

.'i  p.T  oont  sus|)>nsi.in  of  erythrocytes  (A3'411».     (2)  Allow  the  ervthrn- 

cytes  to  sediment.'     (.'?)  Add  i'iii(inishini;  i|n;intities  OS.  0-2.  CM 

0(V»1  c.c.  of  Ixaiterial  havnolvMin  (B8"812)  to  each  T.T.  (\)  Brine  the 
total  vol.  up  to  3  c.c.  byad<Ution<)f  ()-8")S,8.S.  (5)  Shake  "cntlvto  nii.v. 
(G)  Keep  2  hr.  at  37C.  (7)  Determine  the  minimum  hicmolytic  ('oseof 
toxin.    (8)  Set  up  a  series  of  small  T.T.  containing  diminisino;  quantities 

1,   Oo.   01 0001    c.c.    inacti%-ated  anti-serum      (9)    Add  the 

minimum  hjemolytic  dose  of  bacterial  haemoly.sin  to  each  T.T.  (10)  Set 
up  control  mi.xtures.  (11)  Bring  all  the  mixtures  up  to  the  same  vol. 
with  0-83  S.S.S.  (12)  Keep  30  min.  at  37C.  (13)  Add  to  each  T.T.  2  c.c. 
erythroc\'te  suspension.  (11)  Keep  2  hr.  at  37C.  and  2  hr.  at  R.T. 
(1"))  Rea<l  results  of  antihaemolytic  action. 

Notts. —' This  allows  of  the  admixture  of  toxin  and  (luiil  boforc  the  toxin  cnri 
como  into  contact  in  more  concentrated  condition  with  the  erythrocytt s. 

B8'812.— (1)  Grow  the  haemolysin  producing  organism  3  weets  in 
Ixjuiilon.  (2)  Filter  the  bouillon  through  a  Berkefeld  candle.  (3)  Add 
0.3  |K'r  cent  phenol  to  the  filtrate.  (4)  Preserve  this  bacterial  ha^mo- 
I  vsin  in  a  cool  iHrk  place.  (5)  Determine  the  smallest  amount  of  bacterial 
hirmolysin  which  can  completely  ly.se  1  c.c.  1  per  cent  suspension  washed 
rabbit  er\-thropytes  in  1  hr.  at  37C.  (6)  Set  up  a  series  of  small  T.T. 
ea^h  containing  the  minimum  hemolytic  dose  of  hapmolysin.  (7)  Add 
1  c.c.  s-rial  dilutions  of  test  serum'  and  normal  serum.  (8)  Bring  all 
the  mixtures  up  to  the  same  vol.  with  f.'35  S.S.S.  (9)  Keep  30  min. 
at  37C'.  (10)  Add  to  each  T.T.  1  c.c.  1  per  cent  suspension  washed 
rabbit  erythrocytes.  (11)  Keep  2  hr  at  37C.  and  2  hr.  at  R.T.  (12) 
Determine^  the  quantity  of  test  serum  sufficient  to  neutralize  the 
ha'molvsin  and   compare  it  with  that  of  normal  serum. 


, — '  .\  high  antihaemolytic  value  of  test  serum  for  staphylococcus  h.Tmojj'. 
sin  is  said  to  indicate  a  staphylococcic  in  fcction.  ^The  limit  of  antih.X'miil>tic  jiowcr 
of  the  serum  i.s  shown  by  the  T.  T.  containing  the  smallest  ((uantity  of  serum  which 
completely  prevents  haemolysis,  that  is  to  say,  by  the  last  T.  T.  in  which  the  K.  N.  K. 
remains  ab-iiilul<ly  rolnurless. 

B8-9  ANTITOXIC  ACTION.' 

Notts.      •  r.„,-„U  als.,  S7-)  arid  \:\-l\. 

B8'31  B.  DIPHTHERIiS  :  B8-911.  HI)  U<"ti'ri"'"'' »'"•  M'-'^- 
for  a  f!.l'.  (2)  Calculate'  the  number  of  grm.  of  O.P.  which  can  be  pro- 
tected bv  i  c.c.  antitoxin. 


I. — '  Thus,  for  example,  if  0-01  c.c.  scnim  just  protects  a  4.")0Krni.  C.  1'.  the 
r»Iuc  of   the  serum  will  be  lOOx  450  =  4.">,imki. 


28fi  Baeterioloqical  and  Laboratory  Technique. 

B8-192'     (I)  I'sc  Id  .M.L.I)..  iiistciKl  of  1  M.L.D.,asiii  B8*911. 

NotSS. — '  Morp  uscil  for  the  standaidi/.atinii  ot  letamis  antitiixiii  and  of  iiitivi'mii 
than    fur  di])litlieria. 

B8*913.  -(I)  Use  a  stable' and  pdteiit- to.\iu.  (2)  Determine  the 
M.L.U.s  {■',)  Dilute  stamlard  serum'  with  glycerin  2  ;  0-85  S.S.S.  1  to 
contain  10  units  per  c.c.  (1)  Dilute  again  for  u.se  1-10  with  ()-85  S.S.S. 
to  contain  1  antitoxin  unit  per  c.c.  (5)  Set  uj)  a  series  ol 
T.T.  each  containing  1  unit"'  of  standard  antito.xin.  (6)  Add 
var_ying  quantities'^  of  toxin  to  t  he  antitoxin  in  each  T.T.  (7)  Bring  the 
total  vol.  of  each  of  the  mixtures  up  to  -i  c.c.  with  0-85  S.S.S.  (8)  Keep 
the  mi.xtures  30  min.  at  R.T.  (9)  Inject  the  mixtures  subcutane<nisly 
into  the  abdominal  wall  of  250  to  280-grm.  G.P.  (10)  Weigh  the  G.P. 
daily.  (11)  Note  the  condition  of  the  site  of  inocidation  as  regards 
swelling.  (12)  Determine  the  Lo  and  L+  doses''  of  toxin  from  the 
results.  (13)  Use  the  L+  dose  thus  determined  to  test  the  antitoxin 
content  of  test  sera.  (11)  Make  dilutions  of  the  test  anti-serum  according 
to  its  probable  strength.  (15)  Mix  2  c.c.  of  each  dilution  with  the  L  + 
dose  of  to.xin.  (IG)  Bring  the  total  vol.  of  each  mixture  up  to  -1  c.c. 
with  0-85  S.S.S.  (17)  Keep  the  mixture  30  min.  at  E.T.  (18) 
Inject  the  mixtures  subcutaneously  into  a  series  of  250  to  280-grm.  G.P. 

(19)  Note  the  condition  of  the  site  of  inoculation  as  regards  swelling. 

(20)  Determine  the  Lo  aud  h-\-  doses  of  toxin  in  these  mixtures  with 
test  anti-serum.  (21)  Make  a  P.M.  of  the  G.P.  to  exclude  death  from 
concurrent  disease.     (22)  Calculate*  the  potency  of  the  test  anti-serum. 

Notes. — ^  The  toxin  after  preparation  should  be  kept  in  a  cool  dark  place  in  closely 
stoppered  2-litre  bottles  under  a  layer  of  toluol.  It  may  be  9  to  12  m.  after  being  freed 
by  filtration  from  bacteria  (A3'241)  before  this  stability  is  established.  The  standard 
stable  toxin  must  be  tested  every  ti  weeks  against  the  standard  serum.  ^For  exami)le, 
fatal  on  subcutaneous  injection  in  the  G.P.  in  a  dose  of  0-005  c.c.  'The  dose  of  toxin 
which  on  subcutaneous  injection  causes  the  death  of  250  to  280-grni.  G.P.  in4d.  *Very 
special  precautions  are  taken  in  the  state  laboratories  to  which  this  task  is  assigned 
for  the  iireservation  of  the  standard  antitoxin  in  a  dried  state.  ^The  unit  is  an  arbitrary 
one.  The  unit  of  standard  antitoxin  of  Ehrlich  is  that  quantity  of  antitoxic  serum  which 
at  a  given  time  neutralized  100  M.L.D.  of  a  jiarticular^JHrf  diphtheria  toxin.  A  pure 
toxin  is  a  fresh  toxin  and  is  defined  as  one  containing  only  toxin  and  no  toxoid  or  other 
constituent  capable  of  uniting  with  antitoxin  to  neutralize  it.  The  antitoxin  cai-efuUy 
dried  and  preserved  in  a  desiccated  condition  is  a  stable  substance  and  serves  as  a  Standard 
of  measurement.  *As  the  object  of  the  trial  is  to  determine  the  dose  of  toxin  which  is 
just  neutralized  by  one  unit  of  standard  antitoxin  and  also  the  dose  which  is  neutralized 
to  the  extent  of  leaving  sufficient  toxin  to  kill  the  G  P.  on  the  4th  day  it  is  obvious  that 
the  amount  of  toxin  to  be  used  in  these  mixtures  must  be  adjusted  by  its  power  of 
combining  with  1  unit  of  antitoxin.     The  varying  quantities  used  may  suitably  varj-  by 
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11-01  i-.c.  'Soo  »lso  87*4103.  Tlic  Ln  Jo.so  i>f  loxiii  is  that  quantity  which  whon  iiux.mJ 
with  I  UDit  n(  stamlanl  antitoxin  produces  nrithor  general  nor  local  toxic  action  u|Hin 
Kubcutaneous  injection  in  a  2.">0  to  280-grm.  G.P.  The  L-fdose  of  toxin  is  that  quantity 
which  when  mixed  with  1  unit  of  standard  antitoxin  causes  the  death  of  2riU  to  280-grm. 
O.P.  in  -W.  after  subcutaneous  injection.  L  =  liinea,  limiting  quantity.  •Thus,  for 
example  : — If  in  the  series  used  the  injection  of  l-."i.">tlth  c.c.  teat  serum  mixe<l  with  tho 
L-i-  dose  of  toxin  results  in  death  on  the  4th  day  while  tho  injection  of  l-tlOOth  e.c.  tent 
serum  mixed  with  the  L-f  dose  of  toxin  results  in  death  on  the  Srd  day,  tho  conclusion 
follows  tliat  the  test  serum  contains  at  least  o50  units  but  less  than  lUM)  units  per  c.c. 

B8°914. — (1)  Inject  a  G.P.  iiitracutaneoii.sly  with  a  detitiite  fraction 
of  a  M.L.D.  of  toxin  mixed  with  a  definite  anionnt  of  test  senini.  (2)  Set 
lip  controls.     (3)  Observe  reaction.' 

NatM.  —'If  the  injection  is  not  followed  by  necrosis  of  the  skin,  tho  toxin  has  been 
neutrsUze<l  by  the  serum. 

B8  915.' — (1)  Make  a  dilution  of  fresh  .standard  diphtheria  toxin 
of  .suoli  strength  that  01-c.c.  contains  a  definite  fraction,  l-20th  to  l-oOth, 
of  the  M.L.D.  for  a  2-50  to  280-grin.  G.P.  (2)  Inject  intraciitancou.sly 
on  the  flexor  aspect  of  the  forearm  of  the  suspected  individual.-  (.3) 
Examine  for  reaction    iB8*5203). 

NOtM. — 'V.  .il^o  B8'52.  ^for  the  detection  among  contact  cases  of  susceptible 
individuals. 

B8-92  B.  TETANI :  B8-921.'— (1)  Set  up  a  .series  of  T.T.  containing 
1  c.c.  of  a  sol.  of  01  grin,  standard"  dried  toxin  in  160  c.c.  O'S")  S.S.S.' 

(2)  Add  diminishing  quantities  of  test  antitoxin  serum  to  this  .series. 

(3)  Inject  the  mi.Ktures  subcutaneously  in  a  series  of  3.50-grni.  G.P. 

(4)  Determine  which  of  the  mixtures  contains  ju.st  sufficient  free  toxin 
to  kill  a  350-grm.  G.  P.  in  4rf.  (b)  Calculate  the  number  of  units*  con- 
tained in  the  test  serum. 

NOtM.— 'United  States  Hygiene  Laboratory  method.  The  toxin  in  the  case  of 
tetanus  is  more  stable  than  the  antitoxin.  It  is  the  toxin  therefore  which  is  preserved 
as  a  standard.  The  L-fdose  of  this  standard  toxin  is  fixed  at  100  M.  L.  1).  for  a 
3.»0-grm.  G.  P.  This  amount  of  solvent  is  used  because  l-lGOOOth-grm.  (0"000(5.gnn.)  of 
the  toxin  selected  as  standard  =  100  M.  L.  D.  for  a  350-grm.  G.  P.  *Thc  unit  adopted  is 
10  times  the  least  amount  of  serum  necessary  to  save  the  life  of  a  350-grro.  G.  P.  for  4d. 
against  the  official  test  dose  or  L-fdose  of  standard  toxin.  The  L-f  dose  of  standard 
toxin  is  made  available  to  manufacturer-!  clcsirous  of  testing  their  antitoxic  scrum. 

B8*93  B.  BOTULINUS:  B8*931.— (1)  Determine  the  amount  of 
toxin  which  killc  a  2.50-grm.  G.P.  with  certainty  in  about  48  hr. 
(2)  Determine  the  amount  of  anti-serum  which  renders  this  do.se  of 
toxin  harndfss.  (3)  Calculate  the  number  of  doses  which  are 
neutralized  by  1  c.c.  of  anti-serum. 

J,  MR  7 
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B8  94  B.  WELCHII.' 

Notes. —' Syii.   B.    airogcnes   capsulatiis.       15.    pcrfrinjidis. 

B8*9*l.' 

Notes. — 'Take  as  unit  twice  tlic  smallest  amount  of  serum  necessary  to  neutral- 
ize  2  M.L.D.  toxin  injected  intramuscularly  in  a  20-grm.  mouse,  the  mixture  of 
toxin  and  serum  being  kept  in  contact  for  1  hr.  at  R.  T.   before  injection. 

B&-95  V.  SEPIIQUE.  :  B.  8-951.' 

Notes. — 'Take  as  unit  the  smallest  amount  of  serum  necessary  to  neutralize  1 
M.  L.  D.  toxin  injected  intravenously  in  a  full  grown  rabbit,  the  mixture  of  toxin  and 
serum  being  kept  in  contact  for  1  hr.  at  R.T.  before  injection.  In  practice,  a  multiple 
of  the  M.L.D.  is  used  in  the  toxin  antitoxin  mixture. 

B8-96  B.  OEDEMATIENS  :  B8-961.' 

Notes. — '  Take  as  unit  the  smallest  amount  of  serum  necessary  to  neutralize 
100  M.L.D.  toxin  injected  intramuscularly  in  a  20-grm.  mouse,  the  mixture  of  toxin 
and  serum  being  kept  in  contact  for  1  hr.  at  R.T.  before  injection. 

B8-97  ABRIN  :  BS*971.'— (1)  Determine  the  quantity  of  abiin 
toxin  which  kills  a  white  mouse  with  certainty  on  subcutaneous  injec- 
tion. (2)  Determine  the  amount  of  anti-serum  which,  in  mixture^  with 
this  dose  of  abrin  toxin,  renders  it  harmless  on  subcutaneous  injection 
in  the  white    mouse. 

Notes. — '  The  same  procedure  applies  to  anti-crotin  and  antiricin.  ^The  mixture 
should  be  kept  for  30  min.  before  injection. 

B&*98  HAY  FEVER.:  BS-981.— (1)  Determine  the  smallest  quan- 
tity of  pollen  or  other  hay  fever  antigen  (A3'52)  which  elicits  the  charac- 
teristic hay  fever  symptoms  on  installation  into  the  conjunctival  sac 
of  a  susceptible  individual.  (2)  Determine  the  amount  of  anti-serum 
to  be  added  to  this  dose  of  antigen  to  abolish  its  effect  upon  the 
conjunctiva. 

Notes. — 'The  mixture  should  be  kept  for  1  hr.  at  37C.  before  being  tested.  See 
also  B  8-532. 

B9  BLOOD  SERUM  REACIIONS.:  B9-1  ANTITRYPTIC 
ACTION  :  B911    CASEIN-ACETIC    METHOD  :    B9111  TRYPSIN. 

— (1)  Prepare: — pure     trypsin  jiowder  OS  ;    0-85  S.S.S.    50;  N-1   ,sod. 
hydroxide  0-.5.     (2)  Dilute  the  mixture   1-10  with  0-85  S.S.S. 

BS*112  CASEIN.— (1)  Dissolve  1  grm.  pure  casern  in  ICO  c.c.  N-10 
sod.  hydroxide  with  gentle  heat.  (2)  Neutralize  to  litmus  with  N-10 
hydrochloric  acid.  (3)  Make  up  to  500  c.c.  with  0-85  S.S.S.  (4)  Filter. 
(5)  Sterilize    {S9'5). 
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B9-113  ACETIC  ACID.— (1)  l'n-|""<' :     )i\mm\  areti.-  aciil  I  ;  ale.  it  : 

\Vl'.tOI      III 

B9-1 14  SERUM. -(1)  Collect    the  test    blood    l)of,.iv   Ineakfast.' 

\3iif    till-    stMiim,    which    must    be    free  from    hiemofilobin.    nut    Uiter 

than  8  hr.  after  the  collection  of  blood.  ('^)  Dilute  the  test  scrum  for 
MS..   l.r,n  with  0-85  S.S.S. 

Notes.     'To  avoid  excess  of  amiiio-ncids  in  tlio  blood. 

B9-115  TRYPSIN  STANDARDIZATION.  (1)  Ret  up  10  small 
T.T.  ci.utaiuini;  J  c.c  .a.MMu  sol.  in  ,:„  li.  ^'l)  .Vdil  to  the  first  {)  T.T.  in 
serial  onler  decreasin<;  amount.  I.  GO,  08  to  0"2  c.c.  trypsin  sol.  and  no 
trypsin  .sol.  to  Xo.  10  T.T.  (3)  Bring  the  vol.  in  each  T.T.  up  to  :{  c.c. 
with  0-85  S.S.S.  (4)  Shake  gently  to  mi.\.  (5)  Keep  'M^  min.  at  50C. 
in  a  water  bath.  (6)  Add  4  drops  ascitic  acid  sol. to  each  T.T.  and  observe 
which  T.T.  mixture  first  shows  the  cloudiness  due  to  incomplete  digestion 
of  casein.  (7)  Determine  the  smallest  amount  of  try])sin  which  gives 
complete   digestion   of  casein — <'omplete   digesting  dose. 

B9'116  TEST.'  -(1)  Set  up  fJ  small  T.T.  containing  O-.j  c.c.  1-50 
test  scrum.   (■_')  .Add  to  N'o.  1  T.T.  the  complete  digesting  dose  of  trypsin. 

(3)  Add  to  No.  2  T.T.  and  successive  T.T.  increasing  amount  of 
tryp.sin  .so  that  No.  6  T.T.  shall  contain  4  times  as  much  as  Xo.  1  T.T. 

(4)  Bring  the  vol.  of  fluid  in  each  T.T.  up   to   2  c.c.   with  085  S.S.S. 

(5)  Add  2  c.c.  casein  .sol.  to  each  T.T.  (G)  Set  up  a  similar  series  of 
small  T.T.  containing  normal  serum,  as  control.  (7)  Keep  each  series 
of  T.T.  :iO  min  at  50C.  (8)  Add  to  each  T.T.  4  drops  ascitic  acid  sol. 
(9)  Determine  the  complete  digesting  dose  of  trypsin.  (10)  Calculate 
the  amount  of  trypsin  neutralized  by  the  test  serum  by  comparison 
of  the  complete  rligesting  dose  in  this  series  with  that  in  the  normal 
serum  series  and  with  the  flo.se  obtained  in  the  absence  of  any  serum. 

NotM. — '  UsmI  in  I  lie  cli«(rno«is  of   onrrinomn  and  suiipiirativr  procrsscs. 

B912  GELATIN  LIQUEFACTION  METHOD:  B9121  GELA- 
TIN.—(I)  Prepare  Id  ])cr  cent  gelatin  iti  iJ.W.  (2)  .'^lid  l."»  i.e.  .-.en- 
sitive  litmus  sol.  (S7'783)  per  litre.  (3)  Neutralize  exactly.  (4)  Dis- 
tribute into  T.T.  in  quantities  of  2  c.c.     (5)  Sterilize  Id  min.  at   lldr. 

(6)  Keep'   with    precautions  against  ilrying. 

M«l«l.— '  Such  a  gelatin  ought,  after  liquefaction  at  tOC.,  to  solidify  in  less  than  2 
min.  wlif-n  kept  in  melting  ire. 

B9122  TRYPSIN  STANDARDIZATION.  (1)  Take  as  unit  of 
trypsin  a  sol.  such  that  dl  c.c.  litjuflic.s  2  c.c.  gelatin  sol.  in  1  hr.  at  4lC. 
but  does  not  completely  liquefy  in  45  min. 
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B9*123  TEST.  (1)  T^*'  sonim  which  has  been  24  lir.  in  contact 
with  clot.  ('J)  Kee])  serimi  and.  trypsin  mixture  30  niin.  at  20C.  (3) 
Make  the  (li>;est  niixtiire'  in  the  water  bath  at  lOC.  (4)  Kee])  1  hr.  at 
41 C. 

Notes. — *Serum,  trypsin,  and  gelatin  sol.  Use  quantitie.s  of  pure  senim  ranging 
from  00005  c.c.  to  0'4  c.c.  Determine  the  smallest  quantity  of  serum  capable  of 
causing  a  definite  retardation  in  the  time  of  liiiuefaotion  of  f;elatin. 

B913  GELATIN  LIQUEFACTION  METHOD  :  B9  131  GELA- 
TIN.— (1)  l*re]:aie   l.'j  ],er  cent.  <ieUitin  in  D.W. 

B9-132  TRYPSIN  STANDARDIZATION. -( I )  Set  up  mixtures  of 
graded  quantities  of  1  |)er  cent  trypsin  suspension  with  1  c.c.  15  per 
cent  gelatin.  (2)  Keep  30  min.  at  37C.,  all  the  reagent.s  being  already 
at  37C.  before  mixing.  (3)  Keep  30  min.  at  IOC.  (4)  Take  as  unit  the 
smallest  amount  (if  trypsin  causing  complete  liquefaction. 

B9"133  TEST. — (1)  Set  up  mixtures  of  graded  quantities  of  1-5  test 
serum  with  1  unit  of  trypsin.  (2)  Keep  30  min.  at  37C.  (3)  Add 
1  c.c.  gelatin  sol.  at  37C.  (4)  Keep  30  min.  at  37C.  (5)  Keep  30  min. 
at  IOC.  (6)  Determine  the  titre  of  the  serum  as  the  smallest  amount 
of  serum  completely  inhibiting  the  liquefying  action  of  the  unit  of 
trypsin. 

B9- 14  CALCIFIED  MILK  METHOD:  B9141  MILK.-^(l)  Use 
milk  to  which  has  been  added  1-lOth  its  vol.  of  10  per  cent  crystalline 
calc.  chloride  sol. 

B9'142  TEST.— (1)  Make  a  suitable^  series  of  dilutions  of  the  tryp- 
sin sol.  (2)  Set  out  upon  a  porcelain  slab  a  series  of  unit  vol.  of  the 
trypsin  dilutions.  (3)  Add  to  each  of  these  vol.  one  unit  vol.  of  1-8  test, 
or  control  serum.  (4)  Add  to  each  of  the  mixtures  one  unit  vol.  of  cal- 
cified milk.     (5)  Mix  thoroughly  the  components  of  each  of  the  mixtures. 

(6)  Take  up  a  sufficient  sample  of  each  mixture  into  a  capillary  pipette, 
separating  off  the  samples  from  one  another,  by  means  of  air  bubbles. 

(7)  Seal  the  extremity  of  the  pipette.  (8)  Keep  20  min.  at  50C.  in  a 
water  bath.  (9)  Blow  out  the  mixtures  into  water  to  determine  the 
occurrence  of  coagulation  or  its  inhibition. 

NotaS- — ^A  preliminary  trial  of  the  potency  of  the  trypsin  sol.  with  regard  to  the 
calcified  milk  must  be  carried  out  in  order  to  determine  what  are  suitable  dilutions  to 
use. 

B9  2  ANTIVENIN  ACTION  :  B  921  SUBCUTANEOUS  TEST  : 
B9'211.  ^(1)  Prepare  l-KKH)  cobra  venom  inO-85  S.S.S.  (2)  Prepare  :— 
1-1000  cobra    venom    I  :    anti-serum    1.     (3)  Kee]i    15    min.    at    R.T, 


11.  1'.  Iltin-ey.  29i 

(4)  Inoculate  subcutaneously  a   llKHJ-griu.  rabbit    witli   tlio    mixture. 

(5)  Keep  the  animal  under  observation  for  24  hr.' 

Nates. — 'If  the  rabbit  survives  it  is  judged  that  the  anti-serum  is  capable  of 
neutnliziag  at  teast  1  minus  O'.>-0°5  ingiu.  cobra  venom.  Tlie  deduction  of  O'u  mgm. 
Represents  the  M.L.D.  for  a  1000-grm.  rabbit. 

B9'212.-;l)  lujei-t  a  -J-kilojirm.  rabbit  with  2  c.c.  anti-cobra 
serum  .subcutaneously.  (2)  Inject  2  hr.  later  1  mgm.  cobra  venom 
subcutaneously  in  this  rabbit.     (3)  Observe'  the  animal. 

Notts. — 'If  the  serum  is  potent  no  symptoms  should  result. 

B9-22  INTRAVENOUS  TEST  :  B9-221.— (1)  Inject  a  2-kilogrm. 
rabbit  in  uue  ear  vi-iu  witli  ■_'(■,(■.  auti-i-ohra  serum.  (2)  Inject  5  min. 
later  into  the  other  vein  1  mgm.  of  cobra  venom.  (3)  Inject  a  control 
rabbit  also  intravenously  with  1  mgm.  cobra  venom.  (1)  Observe'  the 
animals. 

Notts. — 'The  control  rabbit  should  die  in  less  than  30  min.  If  the  scrum  i»  i)otent 
no  symptoms  should  result-  in  the  control  animal.  More  exact  titration  of  the  scrum 
is  effected  by  Krst  finding  the  M.L.D.  of  the  venom  and  then  finding  the  amount  of 
serum  which  will  protect  a  rabbit  against  this  dose.  One  anti-venom  unit  is  said  to 
be  contained  in  1  c.c.  of  anti-serum  which  protects  against  1  grni.  of  rabbit. 

B9'222. — (1)  Determine  the  smallest  amount  of  dry  venom 
which  is  certainly  lethal  by  intravenous  injection  in  15  to  20  min.  for  a 
2000-grin.  rabbit.  (2)  Inject  intiavenou.sly  a  series  of  2000-grm. 
rabbits  with  05,  1,  2,  3  c.c,  etc.,  of  the  test  antivenin.  (3)  Inject  15 
min.  later  into  the  other  ear  marginal  vein  the  minimum  lethal 
do.se  of  venom.     (4)  Calculate'  the  potency  of  the  serum. 

Notes. — 'If  1  c.c.  of  the  serum  suffices  to  protect  a  20(HI  <;rin.  rabbit  Ihr  sfniiii  is 
said  to  contain  2UIJ0  units  per  c.c. 

B9-3  BACTERICID  ALACTION :  B9-31.  COLONY  COUNT 
METHOD:  B9"311.  (I)  I'se  a  Ntiictly  sterile  i«Tlini(|u.' cciiitn.lleil  by 
culture  of  reagents  throughout  the  operations.  (2)  Set  ujj  a  first  series 
of  y  sterile  T.T.  containing  1  c.c.  dilutions  1-100,  200,400,800,  1,600, 
3,2(JU,  6,4(K),  12,800.  250.0(Ki'  inactivated"  test  serum.  (3)  Set  up  a 
second  series  of  8  T.T.  containing  Xos.  1  to  4,  1  c.c.  I-lOO,  200,  400,  800 
inactivated  normal  serum  and  Nos.  5  to  8,^1,  OS,  02  and  01  c.c. 
I-IO  fresh  G.  P.  serum.  (4)  Add  to  the  T.T.  of  the  first  series  and  to 
Nos.  1-4  T.T.  of  the  second  series  05  c.c.  1-500  24-hr.  bouillon  culture  of 
bacterial  antigen  and  05  c.c.  1-10  fresh  G.P.  serum.  (5)  Add  to  Nos. 
5-8T.T.  of  the  second  series  05  c.c.  1-500  24-hr.  bouillmi  culture  of 
bacterial  antigen  and  bring  the    total    vol.  of    each  T.T.  iij)  tn  2  c.c. 
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with  bouillon.  (G)  Mix  0"5  c.c.  1-500  24-hr.  bouillon  culture  of  bacterial 
antigen  with  7  c.c.  melted  nutrient  agar  at  42C.  and  plate.*  (7)  Keep 
all  the  T.T  mixtures  3  hr.  at  37C.  (8)  Add  each  T.T.  mixture  to  7  c.c. 
melted  nutrient  agar  at  42C.  and  plate.  (9)  Incubate  all  the  plates 
made.  ( 10)  Count  the  colonies  which  develop  on  each  plate  after  24,  48 
and  72  hr.  (II)  Compare  the  results  obtained  with  each  other  and 
each  with  the  result  of  the  count  giving  the  original  content  in 
bacteria  of  the  bouillon  culture  used. 

Notes. — 'Or  uther  suitable  dilutions.  *30  rain,  at  55C.  ^To  determine  tlie  bac- 
tericidal etfect  if  any  of  the  fresh  G.P.  complementing  serum.  ''To  obtain  a  figure  for 
the  original  content  in  bacteria  of  the  2-l-hr.  buuiUou  culture  of  bacterial  antigen. 

B9-32  COMPLETE  STERILIZATION  METHOD  :  B9-321  ANTI- 
GEN.—(1)  Use  a  strictly  sterile  technique.  (2)  Set  up  10  small  T.T. 
containing  250  c.mm.  085  S.S.S.  (3)  Withdraw  5,  2-5,  50,  25, 
50,    25,    50,    25,    50,    25   c.mm.    from   Nos.  1  to   10  T.T.  respectively. 

(4)  Transfer  5  c.mm.  of  bacterial  antigen  suspension  from  a  young 
culture  to  No.  1  T.T.  and  25  c.mm.  to  No.  2  T.T.  and  mix  at  the  time  of 
addition,  thus  making  150  and  1-100  dilutions  of  antigen  suspension. 

(5)  Sterilize  the  diluting  pipette  by  aspirating  and  ejecting  boiling 
water.  (0)  Allow  to  cool.  (7)  Transfer,  in  the  order^  given,  50 
c.mm.  of  mixture  from  No.  2  T.T.  to  No.  3  T.T.  and  25  c.mm.  from 
No.  I  T.T.  to  No.  4  T.T. ,  and  mix  at  the  time  of  addition  thus  making 
1-500  and  1-1,000  dilutions  of  antigen.  (8)  Resterilize  the  pipette  and 
allow  to  cool.  (9)  Transfer-  similarly  50  and  25  c.mm.  of  the  1-1,000 
dilution  of  antigen  to  T.T.  Nos.  5  and  6,  thus  making  1-5,000  and 
1-10,000  dilutions.  (10)  Transfer  50  and  25  c.mm.  from  the  1-10,000 
dilution  of  antigen  to  T.T.  Nos.  7  and  8  thus  making  1-50,000  and 
1-100,000  dilutions.  (11)  Transfer  50  and  25  c.mm.  from  the  1-100,000 
dilution  of  antigen  to  T.T.  9  and  ]0  thus  making  1-500,000  and 
1-1,000,000  dilutions. 

Notes. — 'The  order  is  designed  to  admit  of  transference  from  the  higher  dilution 
before  iJroceeding  to  the  lower  dilution.  -The  pipette  is  resterilized  before  being  used 
lor  the  succeeding  set  of  transfers. 

B9-322     ANTIGEN    SUSPENSION     STANDARDIZATION. -(i) 

Fill  into  a  pipette  10  c.mm.  M,(JOU,(KH»  antigen  suspension.  (2)  Sow 
this  amount  carefully  over  an  agar  slo2)e.  (3)  Repeat  the  procedure  on 
two  other  agar  slopes.  (4)  Sterilize  the  pii)ette.  (5)  Sow  m  similar 
fashion  10  c.mm.  1-100,000  antigen  suspension  on  each  of  3  agar  sloi^es. 
(G)  Incubate.     (7)  Count     the    number    of    colonies    which    develop. 
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(8)  (.'alciiliiti'  tlio  luiinbor  i)f  iMittt'iia  per  c.f.  ctiiitiiiiicd  in  tl riniiuil 

suspension. 

Notts. — 'Tlio  dilution  used  will  depend  entirely  on  tlie  eoncentrotion  of  the  Himpcn 
sioii  used,  the  object  being  to  obtain  suffioientlj-  isolated  colonies  for  counting. 

69  323  TEST. — ;l)  Take  a  sterile  capillary  stemiiu'd  ])ipette  fitted 
with  nil>l)or  teat  and  place  a  mark  on  its  capillary  stem  about  "_'  cm.  from 
the  lower  end.  (2)  Draw  up  luannite  litmus  bouillon  (M4"552  into  the 
bulbof  the  pipette.  (3)  Draw  up  one  unit  vol.  of  test  serum.  (1)  Admit 
an  air  bubble  to  separate  the  raannite  litmus  bouillon  from  the  following 
serum  antigen  mixture.     (.5)  Draw  up  one  unit  vol.  of  antigen  dilution. 

(6)  Mi.\  together  serum  and  antigen  without  driving  the  sterile  bouillon 
down  sufficiently  far  from  the  barrel  of  the  pipette  to  contaminate  it. 

(7)  Draw  up  the  mi.xed  .serum  and  antigen  dilution  into  the  middle  region 
of  the  capillary  stem.  (8)  Seal  the  lower  end  of  the  pipette  and  replace 
the  rubber  teat  with  a  .sterile  wool  plug.  (9)  Continue  siniilarly  with 
fresh  pipettes  for  each  of  the  dilutions  of  antigen  suspension  j)rocee('ing 
alwaysfromthegreaterdilutiontotheless.  (10)  Keep  the  sealed  pipette 
20  hr.  at  37C.  (11)  Draw  out,  without  heating  the  serum  antigen 
nii.xture,  the  extreme  lower  end  of  the  capillary  stem  into  a  fine  hair 
capillary,  and  seal  once  more.  (12)  Establish  a  condition  of  negative 
pressure  in  the  interior  of  the  pipette  by  fitting  over  its  upper  end  a 
collap.sed  rubber  teat.  (13)  Regulate  this  negative  pres.sure  carefully 
by  means  of  the  finger  and  thumb  applied  to  the  teat.  (14)  Break  the 
fine  hair  capillary,  and  so  allow  the  serum  antigen  mixture  to  a.scend  into 
the  barrel  and  mix  with  the  bouillon.  (15)  Seal  the  lower  end  of  the 
capillary  stem  again.     (16)  Keep  the  pipettes  thus  treated  24  hr.  at  37('. 

(17)  E.xamine  for  growth  in,  and  fermentation  of,  the  niannitc  liduillnii. 

(18)  Determine  on  which  dilution  of  bacterial  antigen  the  test  .serum  has 
acted  with  complete  bactericidal  effect.  (19)  Set  up  a  control  on  similar 
lines  with  normal  serum.  (20)  Calculate  the  complete  bactericit'al 
point.' 

Mottt.— 'The  data  which  are  available  arc  the  number  of  organisms  eonlained 
in  the  antigen  suspension,  and  the  highest  dilution  in  which  these  have  been  completely 
killed  off  by  the  test  serum.  The  complete  bactericidal  jjoint  is  given  by  the  nuniluT 
of  bacteria  which  I  c.c.  of  the  tcbt  serum  is  capable  of  killing  off. 

B9-4  BACTERIOLYTIC  ACTION.' 
N«<M.— ■  V.   al-  .  B9  63. 

B9-41:  B9-411  ANTIGEN  UNDER  TEST.  (I)  S<-t  up  :.  T.T. 
N'os.  I  to  3  containing  2  c.c.  of  flilutions  of  bacteriolytic  .serum  in  bouillon 
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lepreseutiug  2,  i  and  8  times  as  much  serum  as  is  coutaiued  in  2  c.c.  of 
the  titre  dilution,  No.  4  containing  2  c.c.  1-100  normal  serum,  and  No.  5 
containing  2  c.c.  bouillon  onl3\  (2)  Suspend  in  each  T.T.  2-mgni. 
loopfuls  of  an  18  to  24-hr.  culture  of  test  bacterial  antigen.  (3)  Inject 
1  c.c.  of  eacli  mixture  intra])eritoneally  in  each  of  250-grm.  G.P.  (4) 
Remove  samples  of  peritoneal  exudate  immediately  after  injection,  and 
at  intervals  of  10,  20,  30,  40  and  60  min.  after  injection.  (5)  Examine^  in 
hanging  drop  and  stained  film  preparation.  (6)  Note  symptoms  and 
time  of  death  if  it  occurs. 

Notes.— *Chiefly  used  for  test  of  V.  clioleiie.  ^if  the  samples  from  G.  P.  Nos.  1, 
2,  and  3  sliow  sphenilation  and  agglutination  of  bacteria  within  the  60  min.  interval, 
while  those  from  G.P.  Nos.  4  and  5  show  motile  unclumped  organisms  for  the  same 
interval,  the  test  may  be  taken  as  positive. 

B9'412  ANTIGEN  UNDER  TEST.— (1)  Make  a  fir.st  dilution  of 
1-100  inactivated  bacteriol\'tic  serum  in  bouillon.  (2)  Make  further 
dilutions  from  this  first  dilution.  (3)  Mix  2  c.c.  of  each  of  the  dilutions 
made  with  2  mgm.  loopfuls^  of  test  culture.  (4)  Inject  1  c.c.  of  each 
suspension  thus  made  intraperitoneally  in  250-grm.  G.P.  (5)  Examine 
samples  of  peritoneal  exudate  at  intervals.  (6)  Observe  the  effect^  of 
the  injection  upon  the  G.P.     (7)  Make  control  injections. 

Notes. — 'A  4-mm.  loop  holds  2  mgm.  of  bacterial  culture.  -Symptoms  death  or 
recovery. 

B9-413  SERUM'  UNDER  TEST.— (1)  Collect  the  test  serum 
with  sterile  ])recautious.  (2)  inactivate  by  heating  30  min.  at  56C. 
(3)  Set  up  5  T.T.  containing  Nos.  1  to  4,  2  c.c.  of  dilutions^  1-20,  100, 
200,  400  in  bouillon  of  test  serum,  and  No.  5,  2  c.c.  bouillon  only.  (4) 
Make  a  suspension  of  2  mgm.  of  an  18  to  24-hr.  culture  of  known^  bac- 
terial antigen  in  each  of  the  5  T.T.  (5)  Inject  1  c.c.  of  the  suspensions 
so  made  intraperitoneally  in  250-grm.  G.P.  (6)  Make  a  suspension  of 
2  mgm.  of  the  bacterial  antigen  culture  in  2  c.c.  1-10  normal  serum. 
(7)  Inject  1  c.c.  of  this  suspension  also  intraperitoneally  in  a  250-grm. 
G.P.  (8)  Shave  a  small  area  on  the  abdomen  of  the  G.P.  (9)  Ansesthe- 
tize  the  animals  lightly.  (10)  Make  a  small  incision  through  the  skin 
of  the  abdomen.  (11)  Pass  a  capillary  pipette,  the  barrel  of  which  is 
kept  closed  with  the  index  finger,  quickly  into  the  abdomen.  (12) 
Remove  the  index  finger  and  move  the  tube  gently  about.  (13)  Withdraw 
the  pipette  with  a  sudden  movement.  (14)  Carry  out  this  operation 
immediately  after  injection  and  10.  20,  30,  40  and  60  min.  after  injection. 
(1.5)  Make  hanging  drop  and  film  pre]Mrations  with  the  exudate  obtained- 
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(16)  Exainine  oaili  invjmmtion  for  loss  of  mot ilii y,  sphcrdliitioii,  agglo- 
meration, and  disintegration  in  the  antigenic  hacteria.  (17)  Observe* 
the  elTei-t   of  the  injections  upon  the  G. P. 

Notts. — 'As  for  the  dingnusis  of  disease.  'Or  ntlier  dilutions  uliieli  may  lie  prefer- 
able.  *Thc  test  has  been  specially  einjiloyed  in  the  case  of  V.  cholera.  ^Symptom  : 
death  or  recovery.  The  control  G.P.  should  die  and  some  at  least  of  the  test  serum  (.i.P. 
shoulil  Inc. 

B9  42  V.  CHOLERiE:  B9-421.'-(l)  f^'iave  the  alxloniens  of  a 
series  of  young  'iOO-grm.  G.F.  (2)  Make  a  small  incision  in  the  skin. 
(3)  Inject  with  a  blunt  canula  intraperitoueally  mixtures  of  1  c.c.  1-10, 
4,000, 10,(HX)anti-.serum  with  2  mgm.  of  an  18-hr.  virulent  culture  ofV. 
cholerae  .suspended  in  1  c.c.  bouillon.  (4)  Examine  sami)les  of  the 
aspirated  peritoneal  exudate  after  10,  20.  30  min.  (5)  Examine  the 
animal  after  24  hr.  and  calculate  the  titre'  of  the  anti-serum. 

NotM. — 'The  unit  of  bacteriolytic  scrum  is  the  smallest  quantity  of  scrum  which 
su  Sices  to  cause  complete  bacteriolysis  of  2  mgm.  of  a  normal  cholera  virus  within  1  hr., 
and  is  able  to  protect  the  animal  from  death  for  24  hr.  A  'normal '  virus  is  one  which  is 
fatal  to  a  200-grm.  G.P.  by  intraperitoneal  injection  in  a  dose  of  O"!  to  0'2  mgm.  The 
potency  of  the  serum  may  be  expressed  as  units  per  c.c.  Control  G.P.  which  receive 
culture  only,  or  culture  in  mixture  with  normal  serum,  should  show  numerous  living 
motile  unagglutinatcd  organisms  in  the  samjilc  of  mixture  examined  after  (iO  min.  and 
must  die  within  24  hr.  The  test  is  used  with  appropriate  uiodiGcations  for  the 
diagnosis  of  the  disease  with  patient's  serum,  and  for  identitication  of  the  organism 
with  a  known  anti-serum. 

B9-5  COBRA  VENOM  REACTION:  B9  51  PSYCHO-RE- 
ACTION :  B9*511.'— (1)  Prepare  a  stock  sol.  of  cobra  venom  :- -dried 
venom  i»  2  :  1).\V.  10  ;  glycerin  10.  (2)  Keep  in  the  ice  chest.  (3)  Dilute 
for  use  1-50  with  0-85  S.S.S.  (4)  Set  u])  8  small  T.T.  ccmtaining  035, 
0-35.  0-35,  0-35,  0.  0,  0,  0,  c.c.  inactivated^  test  serum  and  I,  05,  O'JS, 
0*1  10.  0-5,  0-25  and  01  c.c.  diluted  cobra  venom  sol.  (5)  Add  (••5  c.c. 
10  i)cr  cent  suspension  .washed  erythrocytes.  (6)  Make  up  the  vol.  in 
each  T.T.  with  085  S.S.S.  to  185  c.c.  (7)  Shake  gently  to  mix.  (8) 
Keep  2  hr.  at  37C.  (9)  Keep  20  to  24  hr.  in  the  ice  chest.  (10)  Shake 
up  the  T.T.  to  mix  the  contents.     (11)  Read  the  results. 

NotM. — 'In  many  psychcses,  e.ij.,  dejiressive  mania  and  dementia  priirox,  the 
serum  of  the  patient  has  the  power  of  neutralizing  tlic  ha^molylic  power  of  cobra 
vcuoni.      -:(0  mill,  at  .jiif. 

B9'52  SYPHILIS:  B9-521.  (1)  'Standardize  desiccated  venom 
against  known  normal  and  known  sy|)hilitic  sera.  (2)  S<'t  uj)  1  small  T.T. 
containing  1  c.c.  1  ])er  cent  sus|x'nsion  of  washed  human  eiythrocyfes 
and   1  c.c.    1-I(»MM.»0.    l-20.tKM),    1-3I»,000.    1-10,000  cobra  venom  in  (f85 
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S.S.S.  (3)  Keep  1  hr.  at  37C.     (4)  Sliake  to  mix.     (5)  Keep  in  the  ice 
chest  overnight.     (6)  Shake  to  mix.     (7)  Read-  the  results  Ihr.  later. 

Notes. — ^In  syphilis  the  resistance  of  the  erythrocytes  to  haemolysis  are  increased. 
-There  are  3  readings  to  be  made  : — the  time  of  commencement  of  hicmolysis,  the  degree 
of  completeness  of  hicmolysis,  and  the  degree  to  which  the  erythrocytes  sink  to  the 
bottom  of  the  T.T. 

B9'522.' — (I)  Prepare  an  alcoholic  extract  : — serum  1  ;  methyl  ale. 
7.  (2)  Keep  15  min.  at  37C.  (3)  Centrifugalize.  (4)  Pipette  off  the 
clear  S.N.F.  for  use.  (5)  Set  up  a  series  of  small  T.T.  each  containing 
5  vol.  5  per  cent  washed  sheep  erythrocyte  suspension  and  5  vol. 
0-01  per  cent  cobra  venom  in  0-85  S.S.S.  (6)  Add  to  No.  1  T.T.  1  vol. 
alcoholic  extract  of  known  normal  serum  to  No.  2  T.T.  1  vol.  alcoholic 
extract  of  known  positive  syphilitic  serum,  and  to  the  remainder 
1  vol.  alcoholic  extract  of  the  various  test  sera.  (7)  Shake  gently  to 
mix.  (8)  Keep  at  37C.  and  watch  the  control  known  normal  serum 
T.T.  for  haemolysis.-  (9)  Remove  the  T.T.  as  soon  as  this  occurs.  (10) 
Read  the  results. 

Notes. — ^The  test  is  dependent  on  the  fact  that  lecithin  in  conjunction  with  cobra 
venom  is  capable  of  producing  hajmolysis  of  washed  erythrocytes  on  a  species  of  animal 
whose  erythrocytes  are  not  affected  by  cobra  venom  alone.  -Test  tubes  containing 
normal  serum  show  haemolysis  after  about  15  min. 

B9'53  CANCER  :  B9  531.'— (1)  Se^  "P  2  rows  of  4  small  T.T. 
containing  in  the  front  row  01,  0'2,  0'3,  and  05  c.c.  inactivated^  test 
"serum  and  the  same  amount  in  the  back  row.  (2)  Make  up  the  vol.  of 
fluid  in  each  T.T.  to  0-5  c.c.  with  0-85  S.S.S.  (3)  Add  to  each  T.T. 
of  the  front  row  0'3  c.c.  1-5,000  cobra  venom  and  to  each  T.T.  of  the 
back  TOW  0-15  c.c.  1-5,000  cobra  venom.  (4)  Add  to  each  T.T.  of  both 
rows  5  drops  10  per  cent  suspension  horse  erythrocytes.  (5)  Shake 
gently  to  mix.  (6)  Keep  at  37C.  (7)  Read  the  resultb^  after  15,  30, 
60,   120,   180  min. 

Notes. — 'About  70  per  cent  of  cancer  sera  are  said  to  react  positively.  It  is 
invariably  strongly  positive  in  pregnancy,  beginning  with  the  4th  month  and  disappear- 
ing about  3  weeks  after  parturition.  Pcsitive  reactions  may  also  be  found  in  cases  of 
icterus  and  of  advanced  tuberculosis.  230  min.  at  TifiC.  ^Dfgree  of  neutralization 
of  the  ha'mulytic  power  of  the  cobra  venom. 

B9  6  COMPLEMENT  ACTION  :    B9  61  COMPLEMENT    SPLIT 

TING.— (1)  Mix  0-5  c.c.  fre.sh  G.P.  serum  with  4-1  c.c.  N-2.50  or  N-300 
hydrochloric  acid  in  D.W.  (2)  Leave  1  hr.  at  R.T.  (3)  Centrifuge. 
(4)  Make  a  suspension  of  the  sediment  in  a  suitable  quantity  of  D.W  = 

'midalc  piece.'     (5)  Filter  the  S.N.F.     (H    Add  to  the   filtrate  0-4  c.c 
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10  per  cent  s«kI.  cliloriile  wliich  contains  N-J5  or  N-30.s(»<l    liytlroxidi- 
to  neutralize  and  make  isotonic  =  "  end  piece.' 

B9-62  HflEMOLYTIC  COMPLEMENT.'—;!)  Set  u])a  series  of  T.T. 
coataiiiirig  (liminisKiug  anioiiat  of  liosh-  ciinpleinenting  serum  with  a 
constant  and  sufficient  dose  of  inactivated  haoinolytic  serum,  and  a  fixed 
dose  of  erythroc\-te  antigen.  (2)  Keep  1  hr.  at  37C.  (3)  Note  the  T.T. 
containing  the  least  amount  of  complement  showing  complete 
hicmolyais— minimal  ha3molytic  J.os9  of  complement,  or  one  unit  of 
complement.  (-J)  Indicate  the  potency  of  the  complementing  serum  as 
the  amount  in  c.c.  which  contains  one  minimal  lia?molvtic  dose. 

Note*.— 'r.  alsoB9*7aiil  B10-8.  -C  )llo-tc:l  a  ftw  hr.  before  use  from  two  or  more 
fasting  G.l*. 

B9-63  BACTERIOLYTIC  COMPLEMENT.'—,!)  Set  up,  with 
strictly  sterile  precautions,  a  series  of  T.T.  containing  diminishing  amount 
of  fresh-  complementing  serum,  with  a  constant  and  sufficient  dose  of 
inactivated  bacteriolytic  serum,  and  a  fi.xed  dose  of  bacterial  antigen. 
(2)  Keep  IK)  min.  at  37C.  (3)  Prejiare  and  .stain  films  and  prej)are 
hanging  drops  of  r  he  suspensions.  (I)  Notc'^the  changes  in  the  organisms 
shown  in  these  films  and  hanging  drops*  as  compared  with  films  and 
hanging  drops  made  from  the  bacterial  antigen  suspension  which  has 
siiuply  been  kept  90  min.  at  37C. 

Motes.  —'  V .  also  B9*S.  -Collected  a  few  hr.  before  use  from  two  or  more  faBliog 
U.P.  'K'lr  i|iiaiitititive  purposeH  a  colony  count  method  (89*411)  is  necessary,  where 
definite  ijuantities  of  the  mixtures  arc  sown  on  plates.  ^The  changes  shown  are  loss  of 
motility,  spherulation,  agglomeration,  and  disintegration  of  the  baettria. 

B9-7  COMPLEMENT  FIXATION  ACTION.' 

Notes.      '    I  .    ..-"  \S..--.iilial.li  i.^..li..r,  B10-8. 

B9-71  GENERAL  TEST.' 

Notts.  -'.Xjiplicable  for  the  most  jiart,  with  suitable  niodilieation,  to  nil 
complement  Kxation  tests. 

B9-711  ERYTHROCYTES.'— (1)  A-spirate  blood  from  the  jugul.w 
vein  of  iLc  .■>heep  with  a  .sterile  syringe.  (2)  Defibrinate-  (A3'412, 
B9'724).  (3)  Strain  through  a  ('.ouble  layer  of  fine  .sterilized  gauze  into 
centrifuge  tubes.  (\)  Add  to  ekch  tulje  about  1  times  the  amount  of 
085  .S.S.8.  as  of  defibrinated  blood.  (">)  C'eutrifugalizc.  (0)  Keniovclhi; 
S.X.F.  (7)  Replace  it  by  fresh  0-85  S.S.S.  (8)  Centnfugalize.  ('.))  W'ii.sh  in 
thu*  way  three  times'  with  0-85S.S..S.  (10)  Su.si»end  the  washed  eryliirocyte 
setlimeut    in    an    equal    quantity    of  C'85    S.S.S..^50  per    cent    atock 
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suspeiisioii.  (11)  K(M>|)'  in  the  ice  diest  until  required  for  use.  (12) 
Dilute  1-10  for  use  with  0-85  S.S.S. 

Notes— T.  also  A3-411  to  3'413|  A3'622.  2i„stead  of  defibrination,  citration 
may  be  employed.  'The  first  washing  may  be  done  tlie  day  before  the  test.  *Othcr 
methods  of  preservation  are  given  under  B9'721  to  B9'726.  The  erythrocytes  may  be 
sensitized  (B10'914)  before  use  in  test. 

B9-712  HEMOLYTIC  SERUM.— ( 1 )  Select  not  less  than  6'  large 
healthy  raljl)its.  (-1)  Inject  each  intra])eritoneally  with  a  first  dose  of 
2"5  CO.  50  per  cent  stock  suspension  of  erythrocytes.  (3)  Give  a  further 
injection  every  M.,  each  time  increasing  the  dose  until  after  six  injections 
it  has  reached  10  c.c.  (4)  Repeat  this  dose  twice.  (5)  Aspirate  5  c.c. 
blood  from  the  heart.  (G)  Inactivate  the  serum  obtained  by  keeping 
it  30  miu.  at  56C'.     (7)  Estimate  by  trial  the  titre  of  the  serum  (B9'713). 

(8)  Aspirate  2.5  c.c.  blood  from  the  heart  of  such  rabbits  as  give  the  desired 
titre2  (B9"7131).  (9)  Keep  the  rabbits  for  re-injection.  (10)  Store 
the  serum^  obtained  in  glass  capsules.  (11)  Keep  in  the  ice  chest  until 
required  lor  use. 

Notes. — 'Deaths  from  anaphylactic  shock  are  apt  to  take  place  in  the  process  of 
immunization  and  hence  the  necessity  of  using  as  many  as  six  to  begin  with.  ^(J'OOOu 
or  higher.  ^If  there  is  doubt  about  the  asepticity  of  the  operations,  add  1  vol.  of  a 
mixture,  glycerin  95,  phenol  5,  to  9  vol.  of  the  serum  before  measuring  it  into  the 

eaiisulos, 

B9-713  HiEMOLYTIC  SERUM  STANDARDIZATION.— (1)  Make 
a  series  of  dilutions^  of  serum  1-400,  600,  800,  1,000,  1,500,' 2,000,  3,000, 
4,000  and  5,000,  corresponding  to  dilutions  rf  0-0025,  O'COIG,  0-0012, 
0-001,  O-000C6,  0-0005,  0-00033,  0-00025  and  0-0002  parts  of  seium  in 
1  part  of  diluent.  (2)  Set  out  12  small  T.T.  (3)  Add  to  Nos.  1  to  9  T.T. 
1  vol.  of  each  of  the  serum  dilutions  in  order.  (4)  Add  to  No.  10  T.T.  1 
vol.  of  1-400  serum  dilution.  (5)  Add  2  vol.  0-85  S.S.S.  to  Nos.  1  to 
9  T.T.,  3  vol.  to  Nos.  10  and  1 1 ,  and  4  vol.  to  No.  12  T.T.  (6)  Add  1  vol. 
of  1-2  fresh  G.P.  complementing  serum  to  Nos.  1  to  9  T.T.,  and  to  No.  11 
T.T.  (7)  Add  to  all  the  T.T.  1  vol.  5  per  cent  erythrocyte  su.speusion 
made  from  the  50  per  cent  stock  suspension.     (8)  Shake  gently  to  mix. 

(9)  Keep  30  min.2  at  37C.  (10)  Determine  the  minimum  hsemolytic 
dose  (M.H.D).*  (11)  Dilute  the  serum  apin-opriately  according  to  the 
determination.  (12)  Transfer  to  sterile  'glass  capsules  and  seal.  (13) 
Heat  30  min.  at  56C.  on  three  successive  days.-* 

Notes. — 'Either  of  these  figures,  which  are  equivalent,  may  be  used  to  indicate  the 
tit  re  of  the  serum.  'The  time  interval  used  varies  between  30  min.  and  2  hrs.  'The 
titre  of  the  serum  is  given  by  the  amount  of  serum  (M.H.I).)  present  in  the  last  T.T.  of 
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ihp  ■ii-ries  Noh.  1  to  9,  in  which  sol.  of  all  the  entlirocytos  is  roniplrtr.  A  smmi  with  ii 
t  it  rp  value  between  0'1)0()2  and    0-IMH<.">    i.s^iiilc    satisfactory.     The  ilosc  for  I  lie  test  is  2 

niininuiMihivniolytio  iloses,  e.g.,    if    thetitrc    value  is    0MMMI4.  the    nniniint   nf  s.r 

representini;  2  niiniroiim  lia>molytio  iloses  will  he  O-tMIOSc.e.  V.  als.i  BIO'813, 
*lf  nil  the  niauipiilatii>ns  have  been  carried  out  with  sterile  pri'eiiulioiis  this  sterili/ntiim 
IS  unnecessary.     The  serum  may  also  Im>  preserved  in  the  muliluted  slate. 

B9-714  COMPLEMENT.—;!)  .\nio.sth.'tizo'  ;i  ndii-niej-mint  f}.P. 
on  tlii<  day  of  tlu'  test.  (2)  .Sii.speiK'  the  animal  head  (l.(i\vii\vrtr(ls.  (.'5) 
Sever  the  ait erie.s  and  viin.s  on  one  side  of  the  neck. 2  (1)  CoHect  all 
the  MoihI  in  centiifu-ie  tubes.  (5)  t'entrifugalize  immediately  hefore 
coafjnlatioii^  takes  place.  (6)  Pipette  off  the  serum.  (7)  Keep  in  the 
ice  rhe.st  till   reqnired.  for  use.     (8)  l^se  the  senim  fresh. 

Notet.— 'Or  knock  the  head  of  the  G.P.  slightly  on  the  edpc  of  the  table  merely 
i.i  slim  it.  'Bloo<I  may  be  obtained  from  the  heart,  if  desired,  and  thus  the  niiininl 
retained  for  further  use.  Blood  insutheicnt  ipiantity  may  also  be  obtained  from  the 
ear.  'It  is  often  more  satisfactory  to  allow  spontaneous  coagulation  to  lake  pliue  ami 
to  use  the  separated  serum.  Or  again  the  blood  may  be  detibrinated  (A3'412l  with  ii 
piece  of  cotton  wool  on  the  end  of  an  iron  wire,  and  then  rentrifugalized. 

B9-715  COMPLEMENT  STANDARDIZATION.'— (I )  Set  up  !_> 
small  T.'r.  (J)  Add  to  Nos.  1  to  fl,  1  c.c.  of  diiiitiiinof  hicinolvtic  .serum 
containing  2  M.H.D.  (B9-8133).  (3)  Add  to  No.  10  T.T.  1  c.c.  dilution 
of  lia?molytic  .sernm  containing  1  minimum  ha;molytic  do.vc.^  (4) 
Add  to  each  T.T.  in  s  rial  order  0  3,  01,  0-45,  Oo.  O-m.  OG.  Ofi.'i. 
07.  OS,  1,  1,  and  0  c.c.  1-20  fre.sh  G.  P.  complementing  .serum.  (5) 
Make  up  the  vol.  in  each  T.T.  to  4  c.c.  with  OSS  S.S.S.  (6)  Add  1 
c.c.  er%-throcv'te  suspension  to  each  T.T.  (7)  Shake  gently  to  mi.x. 
(8)  Keep  .30  min.^  at  37C.  (9)  Determice*  the  minimum  heemolytic 
dose  (M.H.D.). 

NOtM. — '  It  may  be  advisable  to  standardize  the  complement  in  j)rcsencc  of  the 
antigen  to  be  used  in  the  test  (810*916  .  'Xo.  10  T.T.  controls  the  standardization  of 
haemolytie  serum  (89*713)  with  excess  of  complementing  serum.  IntliisT.T.  hieiiiolysis 
should  be  complete.  The  first  T.T.  in  the  series  in  which  comjilete  hamolysis  orci  rs 
contains  one  minimum  haemolytie  dose  of  complementing  serum.  Nos.  11  and  12  T.T. 
•re  T.T.  controlling  the  absence  of  hajmolysis  by  comi>lementing  serum  without  the 
addition  of  ha>raolytic  serum,  and  by  simple  sol.  'The  time  interval  varies  in  different 
methods  between  .30  min.  and  2  hr.  and  also  according  as  an  incubator  or  water  bath 
is  used.  *The  M.H.D.  is  given  by  theamotmt  of  serum  present  in  the  first  T.T.  of  the 
series  No«.  1  to  9  in  which  sol.  of  all  the  erythrocytes  is  complete.  It  is  the  least 
amoimt  of  complementing  serum  capable  of  bringing  about  complete  htcmolysis. 

B9-716  ANTIGEN  STANDARDIZATION.'H')  Se^  "P  -'  •""'»" 
T.T.  in  2  rows  of  12  T.T.  .-acli.  (2)  Add  to  Nos.  J  to  11  T.T.  of  each  row, 
{»ir  and  f)air,  02.  016,  014,  0-1,  008,  0C6,  004,  002.  001,  0(Kl(;  end 
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OOOl  e.f.  dilution  of  antigen.  (3)  Bring  the  vol.  in  all  21  T.T.  to  2  c.c. 
with  0-85  S.S.S.  (-1)  Add  to  each  T.T.  of  No.  1  row  0-2  c.c.  inactivated^ 
known  anti-senini^  and  to  each  T.T.  of  No.  2  row  02  c.c.  inactivated^ 
known  normal  serum. ^  (5)  j^ddto  each  T.T.  2  M.H.D'^  complementing 
serum  (B9'715)  contained  in  1  c.c.  0-85  S.S.S.  (6)  Shake  gently  to  nii.x. 
(7)  Keep  60  min  at  :57t'.  (8)  AM  to  each  T.T.  2  M.H.D.  (B9-713) 
inactivated^  ha?molytic  serum,  and  I  c.c.  5  per  cent  erythrocyte 
suspension.  (9)  Keep  T.T.  30  min.  at  37C.  (10)  Keep  18  hr.e  at  a 
temperature  not  exceeding  15C'.  (11)  Note  the  minimum  amount  of 
antigen  in  No.  1  row  which  gives  complete  fixation  of  comi)lement  with 
the  known  anti-^erum,  and  the  maximum  amount  of  antigen  in  No.  2  row 
which  fails  to  prevent  the  occurrence  of  complete  hemolysis.  (12)  Select '' 
as  antigen  unit  an  amount  of  antigen  between  these  two  values.  (13) 
Place  two  imits  of  antigen  diluted  to  3  c.c  .with  O'SS  S.S.S.  in  a  T.T..  and 
1  c.c.  5  per  cent  erythrocyte  suspension.  (14)  Keep  60  min.  at  37C. 
(15)  Reject  the  antigen  as  unsuitable  for  test  if  any  hfcmolysis  appears. 

Notes. — 'In  this  standardization  arc  included  the  antigenic  power  and  t)ie  anti- 
complementary power.  -30  min.  at  5(iC.  ^()r,  as  it  will  be  described  under  the  Wasse r- 
mann  reaction,  etc.,  '  known  positive  serum.'  *0r,  as  it  is  sometimes  described,  '  known 
ncative  seram.'  ^In  some  methods  only  1  M.H.I),  is  used.  *]n  some  methods  of 
standardization  of  antigen,  and  also  in  the  test  itself,  the  reading  is  simply  taken  after 
1  or  2  hr.  at  37C'.,  or  again  without  specifying  the  time  interval  after  the  occurrence  cf 
complete  hannolysis  in  the  special  control  tubes.  'The  unit  for  the  test  should  be  a 
multiple  of  the  antigenic  unit  as  given  in  No.  1  row  of  T.T.  but  should  not  exceed  one-half 
the  anti-complementary  unit  as  given  in  No.  2  row  of  T.T. 

691*17  TEST. — (1)  Set  up  in  two  rows,  pairs  of  small  T.T.,  a  front 
one  and  a  back  one  for  each  inactivated^  test  serum,  and  for  the  inacti- 
vated known  anti-serum-  ard.  the  inactivated  known  normaP  serum, 
and  in  addition  one  T.T.  each  for  the  antigen  control,  the  b hemolytic 
serum  control,  and  the  erythrocyte  suspension  control.  (2)  Add  to 
each  front  row  T.T.  one  unit  of  antigen  contained  in  1  c.c.  0'85  S.S.S. 
and  to  the  antigen  control  T.T.  2  units  contained  in  2  c.c.  0'85  S.S.S. 
(3)  Add  to  each  of  the  pair  of  T.T.  corresponding  to  a  given  serum  0'2  c.c. 
of  that  serum  to  the  front  row  T.T.  and  0'4  c.c.  of  the  serum  to  the  back 
row  T.T.  (4)  Bring  the  vol.  of  fluid  in  all  T.T.  up  to  2  c.c.  with  0-85 
S.S.S.  (5)  I  dd  to  all  the  T.T.,  except  the  erythrocyte  suspension  control 
T.T.,  2  M.H.D.  'B9"715)  complementing  serum  contained  in  1  c.c.  0"85 
S.S.S.  (6)  Shake  gently  to  mix.  (7)  Keep  60  min.  at  37C.  (8)  Add 
to  each  T.T.  2  M.H.D.  (B9*713)  inactivatedi  ksemolytic  serum  and  1  c.c. 
5    per    cent     erythrocyte    suspension.*      (9)  Shake     gently    to    mix. 
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(10)  Keep  ;J0  mill,  at  ;i7C.  (11)  Keep  18  In.'*  iii  a  Ifinpinii  me  m.: 
exceeiUng  loC.  (12)  Examine  the  control  T.T.  ( 1:5)  Examine  the  T.T. 
containing  known  anti-serum  and  normal  sera.  (II)  Kxumint-  the  test 
sera  T.T.  (1"))  ReconI  the    lesult." 

N«|M.— '30  mill,  at  oOC.  *0r,  as  it  will  be  described  iiiuler  the  WnHserniaiin 
reaction,  etc.,  'known  [Hisitivo  serum."  'Or,  as  it  issumetimes  described,  'known 
negative  serum.'  'The  er\tbrt>cytes  of  tbe  suspension  may  be  sensitized  witb  llic 
hajmolytic  serum  as  a  preliminarj-  to  addition.  'The  reading  may  be  simply  taken  after 
I  or  2  hr.  at  37C.  or  again,  without  specifying  the  time  interval,  after  the  occurrence  of 
complete  hiemolysi^  in  the  special  control  T.T.  'Absence  of  hicmolysis in  posiiive 
cases. 

B9-72  PRESERVATION  OF  REAGENTS.' 

Notts. — '  Fiir  ii^o  in  i uiniilonu'nt  fixation  reactions. 

B9-721  ERYTHROCYTES.'— (1)  Preimre  washed-  deposit  .sheep 
erythrocytes  'i  ;  10  per  cent  formalin  01.  (2)  Prepare  at  time  of  use 
with  a  1  c.c.  pipette  previously  wetted  with  C'85  8.S.S.  :-  formalinized 
suspeasion  6 ;    0'85   S.S.S.     100. 

Notts. — 'Formalinized  erj-throcytes  keep  for  at  least  a  week.  *The  blood  is  collected 
at  the  slaughter  house  as  aseptically  as  j)ossible  in  sterile  bottles  containing  ITilh  of 
their  vol.  of  it  per  cent  citrated  0'83  S.S..S.  As  soon  as  po.ssiblc  after  collection  the 
erj'throcytes  are  washed.  The  final  deposit  is  packed  as  firmly  as  possible  by  ])r<ilonpi'd 
eentrifuginff. 

B9-722  ERYTHROCYTES.— (1)  Collect  hhiod  under  strict  aseptic 
conditions  by  venejjuncturc.  (2)  Draw  up  into  a  .sterile  20  c.c.  sviinpe 
10  c.c.  1'.5  per  cent  citrated  0'8.5  S.S.S.  (3)  Follow  on  by  aspiration  of 
10  c.c.  sheep's  blood.  (4)  Empty  the  contents  of  the  syringe  into  a  large 
sterile  T.T.  containing  10  c.c.  1'5  percent  citrated  085  S.S.S.  (.'))  Keep 
for  use  in  a  cool  place.  (G)  Draw  off  at  time  of  use  with  aseptic  precaul  ions 
the  quantity  required.  (7)  Wash  three  times  with  0'8.5  S.S.S.  in  a 
centrifuge.    (8)  Make  a  10  per  cent  su.spension  in  08.5  S.S.S.  for  use  in  test. 

B9*723  ERYTHROCYTES.— (I)  Prepare  :- formalin  0'5  ;  1  per 
cent  amnion,  o.valati'  in  (isf)  S.S.S.  ;  sheep  blood  100.  (2)  Wash  at 
time  of   usi'. 

B9-724  ERYTHROCYTES.— (1)  Collect  the  blood  at  the  slaughter 
house  as  asoptirally  as  possible  into  a  stoppered  glass  bottle  containing 
a  few  pieces  of  glass  and  iron  wire.  (2)  Fill  only  half  full.  (M)  Shake 
continuously  to  defibrinate.  (1)  Keep  in  the  ice  chest.'  (."J)  Wash^  at 
time  of  use  three  times  with  OS.')  S.S.S. 

Notts. — 'Will  keep  thas  3  or  4rf.  The  first  washin-.'  may  be  done  the  day 
before  use. 
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B9-725  ERYTHROCYTES.  -( 1 )  Wush  sliecp  enfhrorytes  twice 
with  0'85  S.S.S.     (2)  Make  up  a  5  per  cent  su.spen.sioii  in  0'85  S.S.S. 

(3)  Pi'e]>arc  5  ])cr  cent  suspension  crvtliiocytes  5:  1-1(1   foimalin'  O'l. 

(4)  Keep"    for   use. 

Notes— 'Tlic  l-lllfninmlni  sli.puld  be  propareil  with  0-8.")  S.S.S.     nVill  keep  lorf. 

B9-726  ERYTHROCYTES. -(1)  Take  the  blood  into  a  fla.sk  con- 
taining : —sod.  citrate  7'5  ;  formalin  2;  0'85  S.S.S.  500.  (2)  Keep  in 
the  ice  chest.     (3)  Wash  the  ervthrocj'tes  each  time  as  required. 

B9'727  COMPLEMENT.  -(1)  Add  to  each  c.c.  fresh  G.P.  serum 
O'l  c.c.  saturated,  sod.  chloride.  (2)  Keepi  at  a  temperature  not  exceed- 
ing 60.     (3)  Dilute  at  time  of  use  with  3  times  its  vol.  of  D.W. 

Notes.— i\Vi\l  kcpp.  it  is  said,  2  weeks. 

B9*728  TEST  SERUM.— (1)  Prepare' :— inactivated  test  serum 
1  :  glycerin    1 , 

Notes. — 'The  nihUtidii  (if  tlie  preservative  glycerin  ha.s  no  effect  on  the  Wasser- 
mann  reaction. 

B9*729  TEST  SERUM.  (I)  Add  1  in  10  of  .5  per  cent  carbolized 
glycerin. 

B9-7  30  BACTERIA:  B9-731  GENERAL. '"-(I)  Prepare  as  antigen 
a  rather  thick-  suspension  of  l)acteria  from  a  2f-hr.  agar  culture  in  0"85 
S.S.S.  (2)  Determine  the  maximum  dose  of  susj^eusion  which  does  not 
produce  inhibition  of  luvraolysis.  (3)  Use  one  half  this  dose  in  test  in  a 
vol.  of  O'o  c.c.  (4)  Set  out  a  series  of  T.T.  coutaming  dilutions  of  in- 
activated^ serum  in  quantities  of  5  c.c.  (5)  Add  05  c.c.  dilution  of 
antigen  suspension.  (6)  Add  1  M.H.D.  iB9'715)  complement  in  a  vol.  of 
0'5  c.c.  (7)  Keep  1  hr.  at  37C.  (8)  Add  05  c.c.  5  per  cent  suspension 
of  sheep  erythrocytes  and  3  M.H.D.  (B9'713)  of  inactivated^  anti-sheep 
hsemolytic  serum.  (9)  Keep  2  hr.  at  370.  (10)  Read*  the  result.  (11) 
Keep  overnight  in  the  ice  che.st.     (12)  Reac*  again. 

Notes. — "^Applicable,  e.g.,  to  B.  pestis,  B.  anthracis,  streptococcus,  gonococcus, 
meningococcus.B-  typhosus,  B.  coli,  B.  tuberculosis,  B.  pertussis,  Sp.icterohsemorrhagi® 
and  other  infections,  ^e.g.,  5  c.c.  of  0'85  S.S.S.  to  an  agar  slope  of  B.  typhosus  ;  1  c.c. 
0'85  S.S.S.  to  80  mgui.  B.  tuberculosis.  '30  min.  at  56C.  *The  usual  controls  (B  9.  71 ) 
should  be  set  up. 

B9*732  GONOCOCCUS.  -(1)  Make  a  thick  suspension  of  a  24-hr. 
growth  of  gonococci  in  0'85  S.S.S.  (2)  Enumerate  the  number  of  organ- 
isms per  c.c.  of  suspension  and  determine  the  degree  of  dilution  required 
to  make  the  content  1000  million  per  c.c.  (3)  Add  to  the  suspension 
a    few    c.c.    N-10    sod.    hydroxide    which    dissolves    the     gonococci. 
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(4)  Neutralize  the  suspension  to  litmus  with  N-10  hydrochloric  acid.  (5). 
Dilute  to  that  vol.  which  would  have  made  the  original  suspension  into 
one  containing  ](XX1  million  organi.sm.s  per  c.c.  (6)  Use  in  test  as 
antigen. 

B9-733  GONOCOCCUS.  -{1)  Wash  off  a  24-hr.  growth  with  sterile 
D.W.  (2)  IVutrifugalize  at  high  speed.  (3)  Remove  the  S.N.F. 
(4)  Repeat  the  process  three  times  using  D.W.'^for'the  washing.  (5)  Add 
■)0  c.c.  sterile  D.W.  to  each  0*5  grm.  of  .sedimenr.  (6)  Keep  30  min. 
at  56C.  (7)  Keep  lOd.  at  37C.  shaking  for  about  10  min.  dailv.  (8) 
Centrifugalize.  (9)  Pipette  off  the  S.N.F.  for  use  as  antigen  with  the 
addition  of  a  drop  of  carbolic  acid  or  lysol  as  preservative. 

B9-734  GONOCOCCUS  —  1)  Wash  off  a  48-hr.  growth  with 
0-85  S.S.S.  (2)  Shake  to  break  up  clumps.  (3)  Keep  1  hr.  at  56C.  (4) 
Add  O'l  c.c.  1  per  cent  phenol  per  c.c,  as  preservative.  (5)  Keep  as 
stock.  (6)  Dilute  1-10  for  use.  (7)  Te.st  for  antigenic  potency  and  for 
anti-complementary  action  'B9'716\ 

B9*735  MENINGOCOCCUS. -( I)  Make  a  suspension  of  strength 
0'5  mgm.  per  c.c.  with  OSJ  S.S.S.  from  a  culture  not  more  than  24  hr. 
old.     (2)  Ko»i)  5  min.  at  lOOC.     Use  as  antigen  in  test. 

B9*736  B.  MALLEI.  —(1)  Grow  a  freshly  isolated  strain  on  glycerin 
a^ar  iM3'lll/  for  36  hr.  (2)  Sterilize  the  culture  by  heating  2  hr.  at 
60C.  (3)  Make  a  suspension  of  a  culture  with  10  c.c.  carbolized  085  S.S.S. 
(4)  Shake  in  a  mechanical  shaker  4  rf.  (5)  Centrifuge  at  high  speed.  {(>) 
Pipette  c.tT  the  S.N.F.  for  use. 

B9'737  B.  MALLEI.  (1)  Grow  the  organism  on  glycerin  agar 
(MS'lll)  I'J  percent  acid  to  phenolphthalein.  (2)  Make  a  susj)ension 
of  about  the  turbidity  of  milk  in  D.W.  (3)  Sterilize  2  hr.  at  60C'. 
(4)  Shake  to  break  up  clumps  3  hr.  on  two  successive  days.  (5)  Add  suffi- 
cient sod.  chloride  to  make  isotonic  and  05  per  cent  phenol  to  preserve. 
(6)  Keep  in  a  cool  dark  place.     (7)  Use  as  antigen  in  test. 

B9-738  B.  TUBERCULOSIS.— (1)  Prepare  a  suspension  of  killed 
B.  tuberculosis.  (2)  ('fntiifiigalize  till  the  deposit  is  of  constant  vol. 
(3)  Use'  the  S.N.F".  as  antigen  for  test. 

No(M. — 'It  will  keep  in  pealed  capsules  for  5  weeks. 

B9"739  B.  TUBERCULOSIS.— (1)  Sow  on  the  surface  of  5  percent 
glycerin  veal  bouillon.  (2)  Incubate  10  weeks.  (3)  Transfer  the  growth 
to  a  bottle.  (4)  Dehydrate  by  testing  with  abs.  ale.  which  should  be 
repeatedly  changed.     (5)  Replace  the  ale.  with  ether,     (fi)  Shake  2  hr. 

J,  MR  8 
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(7)  Centrifugalize  at  high  speed.  (8)  Treat  the  sediment  with  chloroform. 
(9)  Shake  2  hr.  (10)  Mix  with  :5  vol.  ether.  (11)  Shake  2  hr.  (12) 
Centrifugalize.  (13)  Repeat  the  procedure  using  ether  and  chloroform 
alternately  until  five  extractions  have  been  completed.  (14)  Dry  the 
sediment  in  vacuo  over  sulphuric  acid  or  calc.  chloride.  (1.5)  Keep 
for  use.  (16)  Grind  up  100  mgm.  with  3  c.c.  0-85  S.S.S.  in  a  mechanical 
mill  overnight.  (17)  Draw  oft"  the  fluid.  (18)  Wash  the  flask  and  balls 
of  the  mill  with  frequent  changes  of  0-85  S.S.S.  (19)  Mix  the  first  fluid 
drawn  off  with  the  washings.  (20)  Bring  up  the  total  vol.  to  100  c.c. 
with  0'85  S.S.S.  (21)  Add  0-5  per  cent  phenol.  (22)  Use  as  antigen 
in   te.st. 

B9'74  OTHER'  INFECTIONS. 

Notes. — '  Other  than  bacterial. 

B9"741  DOURINE.— (1)  Grind  up  the  spleen  of  a.  rat  hedivily 
infected  with  T.  equiperduni  in  30  c.c.  O'SS  S.S.S.  (2)  Filter  the  sus- 
pension.    (3)  Use  in  test  after  standardization. 

B9'74i2  DOURINE. — (1)  Inoculate  intraperitoneally  not  less  than 
10  large  white  rats  with  O^S  c.c.  of  dourine  rat  blood.  (2)  Make  an 
examination  of  the  blood  of  each  rat  48  hr.  after  inoculation.  (3)  Sort 
out  the  rats  with  heavy  and  light  infections.  (4)  Make  a  second  blood 
examination  later^  to  determine  the  time  for  bleeding.  (5)  Anaesthetize 
the  rat  lightly.  (6)  Sever  the  arteries  and  veins  of  one  side  of  the  neck 
close  to  the  shoulder  without  severing  the  trachea.  (7)  Collect  the 
blood  in  r5per  cent  citrated  0-85  S.S.S.2  (8)  Strain  the  citrated  blood 
through  two  layers  of  sterile  gauze  into  centrifuge  tubes  of  about  10  mm. 
diameter.^  (9)  Centrifugalize  not  longer  than  5  min.*  at  1700  revolu- 
tions. (10)  Draw  ofE  the  cloudy  S.N. F.  into  fresh  tubes.  (11)  Add  TS 
percent  citrated  0'85  S.S.S.  to  each  of  these  tubes.  (12)  Centrifugalize. 
(13)  Draw  off  and  reject  as  much  of  the  upper  portion  of  S.N.F.  as  is 
clear  and  free  from  trypanosomes.  (14)  Collect  from  each  tube  the 
remaining  up2)er  pure  white  layer  of  trypanosomes.  (15)  Wash  by 
centrifugalization  with  0-85  S.S.S.  (16)  Add  twice  the  vol.  of  forma- 
linized  glycerin  sol.^  to  the  sedimented  trypanosomes.  (17)  Keep  on  ice 
till  required  for  use.     (18)  Use  as  antigen  in  te.st. 

Notes. — '  The  result  of  the  first  blood  examination  will  indicate  approximately 
the  time  for  a  second  examination,  and  on  the  latter  will  be  determined  the  time  for 
bleeding  the  rats.  ^The  vol.  of  blood  should  be  about  equal  to  that  of  the  citrated  salt 
sol.  'When  wider  tubes  are  used  it  is  more  difficult  to  separate  the  trypanosomes. 
*So  that  the  bulk  of  the  blood  cells  are  thrown  down  while  the  trypanosomes  remain  in 
suspension,    'Formalin  0"1  ;  pure  neutral  glj'cerin  10;  0'85  S.S.S.  90. 
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B9-7'13  ECHINOCOCCUS.— (1)  Ohtaiii  hy.latid  cyst  Huid  fnmi  a 
sheep  cyst.  (_')  Keep  _'()  min.  at  GOC'.  on  each  of  three  successive  days. 
Use  thf  licati'il  ^v^t  tliiiil  as  aiifiLrt'ii  in  test. 

B9-744  ACUTE  POLIOMYELITIS.  -(I)  Mak,-  a  5  per  cent  sus- 
jieusioii  in  ^teI•iie  T.  W.  of  biain  and  s|)iiial  coid  of  monkeys  liiat  have 
died  of  poliomyelitis.  (2)  Filter  throujjh  a  Berkefeld  candle.  {•^)  Add 
2  j)er  cent  trypsin.  (4)  Leave  3  hr.  at  R.  T.  ('))  Add  O.j  per  cent 
phenol.     (•!)  Dilute  l-ij  for  use  as  antigen  in  test. 

B9-745  SCHISTOSOMIASIS. -(1)  E.vtract  infected>  snails' livers 
withabs.  ah.  1  c.c.  ti.  each  triturated  liver.  (2)  Keep  24  hr.  at  37C, 
with  occasional  shaking.  (3)  Filter.  (4)  Evaporate  the  filtrate  to  a 
powder.  (5)  Make  a  suspension  of  tiie  powder  of  strength  2'5  nigm.  per 
c.c.  of  Oo  per  cent  carbolized,  085  S.S.S.  ((>)  Shake  30  min.  on  a 
mechanical  shak>r.     (7)  Filter.     (8)  Use  the  fresh  filtrate  in  test. 

Notes. — '  The  antigen  may  apparently  be  prepared  from  the  livers  of  snails  infe.sted 
with  schistosome  cercariic,  whether  of  Sch.  hjematobium  or  of  tich.  bovis.  This 
antigen  has  also  been  used  for  the  detection  of  infection  of  sheep  with  liver  flukes. 

B9-75    BLOOD  :     B9-751  STANDARDIZATION  ANTI-SERA.— 

(1)  Set  up  a  si-ri-'s  of  lo  small  T.T.  coutaiiiiiii;  I.  u  '.i.  (|-,S.  (i-7,  0(i,  do, 
0-4,  0-3,  0-2,  01,  c.c.  highly  potent'  inactivated-  l-lOanti-.serum  withOl 
c.c.  1-1000  fresh  antigen  serum,  and  1  c.c.  1-20  fresh  G.P.  complementing 
serum.  (2)  Make  up  to  vol.  2  c.c.  with  OSS  S.S.S.  (3)  Set  up  four  control 
T.T.  containing  1,  0'8,  0*4,  0*2  c.c.  inactivated^  1-10  anti-serum  with 

1  c.c.  1-20  fresh  complementing  G.  P.  serum.  (4)  Make  up  to  vol.  2  c.c. 
with  O-So  S.S.S.  (."))  Set  up  a  fifth  control  T.T.  containing  01  c.c.  1-1000 
fresh  antigen  serum  and  1  c.c.  1-20  fresh  complementing  G.P.  serum. 
(6)  Make  u[)  to  vol.  2  c.c.  with  0-85  S.S.S.  (7)  Keep  1  hr.  at  37C. 
(8)  .\dd  2  M.H.D.  (B9"713)  inactivated  anti-sheep  serum  and  1  c.c. 
2*5  per  cent  washed  sheep  erythrocyte  suspension.  (9)  Keep  90  min. 
at  37C'.  (10)  E.xamine.  (11)  Use  in  the  test  2  minimum  inhibiting' 
doses  of  anti-sTum.*     (12)  Test  all  anti-sera  in  the  same  way. 

Noltt. — '  Capable  of  fixing  complement  with  00001  c.c.  of  its  antigen.  '30  min. 
at  54JC.  'Tho  smallpBt  quantity  of  anti-sonim  which  effects  complete  fixation  o( 
complement  and  consequently  inhibits  hsemolysis.  'In  forensic  practice  a  human 
blood  »nti-scnim  it  thp  firit  one  to  be  tried. 

B9'752  BLOOD  STAIN  TEST.— (1)  Prepare  blood  stain  antigen 
iBlO-821,  A3-418,  A3-419i.  (2)  Set  up  six  small  T.T.  containing  (fl, 
02.  01,  mi.  o«  and   1  c.c.  blood  .stain  antigen  respectively.     (3)  Add 

2  minimum  inhibiting  doses  of  anti-serum  and  1  c.c.  1-20  fresh  G.P. 
complementing  serum.     (4)  Bring  the  total  vol.  uji  to  3  c.c.  in  each  T.T. 
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with  0-85  S.S.S.  (5)  Set  up  three  small  control  T.T.,  No.  1  containing  1  c.c. 
blood  stain  antigen  1  c.c.  1-20  fresh  G.P.  complementing  serum,  and 
1  c.c  0'85  S.S.S.,  No.  2  containing  2  minimum  inhibiting  doses  of  anti- 
serum, 1  c.c.  1-20  fresh  G.P.  complementing  serum  and  sufficient 
0-85  S.S.S.  to  bring  the  total  vol.  to  3  c.c,  No.  3  containing  1  c.c.  1-20 
fresh  G.P.  complementing  serum  and  sufficient  0-85  S.S.S.  to  bring  the 
total  vol.  to  3  c.c.  (6)  Keep  all  the  T.T.  1  hr.  at  37C.  or,  in  preference 
to  this,  in  the  ice  chest  overnight  at  8C.  (7)  Add  2  minimum  haemolytic 
doses  of  inactivated  anti-sheep  serum  and  1  c.c.  25  per  cent  washed 
sheep  erythrocyte  suspension.  (8)  Keep  1  hr.  at  37C.  or  until  the  control 
T.T.  .show  hfemolysis.  (9)  Read  the  results.!  (10)  Keep  the  T.T.  hi  the 
ice  chest  overnight  and  read  the  results'  again. 

Notes. — '  Inhibition  of  hemolysis  (fixation  of  complement)  with  O'l  c.c.  up  to 
1  c.c.  of  blood  stain  antigen  demonstrates  that  this  test  antigen  is  specific  for  the 
particular  anti-serum  used.  In  the  case  of  human  anti-serum  a  like  result  could 
only  be  given  by  the  blood  of  the  higher  apes.  A  necessary  control  to  the  whole  test 
is  the  simultaneous  use  of  dried  stains  of  blood  of  known  species  of  animals  and 
particularly  of  human  blood. 

B9-76  MEAT  :  B  9-761.— (1)  Extract  30grm.  finely  minced  meat 
12  hr.  in  the  cold  with  30  c.c.  0-85  S.S.S     (2)  Filter  through  hard  paper. 

(3)  Use  the  filtrate'  undiluted  and  in  dilution  1-10  as  antigen  in  the  test. 

(4)  Set  up  a  series  of  five  small  T.T.  : — Nos.  1  and  2  containing  0"5  c.c. 
undiluted  and  1-10  diluted  antigen,  with  0*1  c.c.  anti-serum^  and  0-5  c.c. 
1-10  fresh  G.P.  complementing  serum,  No.  3  containing  1  c.c.  undiluted 
antigen  with  0'5  c.c.  1-10  fresh  G.P.  complementing  serum,  No.  4  con- 
taining 0-2  c.c.  anti-serum  with  0'5  c.c.  1-10  fresh  G.P.  serum,  and  No.  5 
containing  0'5  c.c.  1-10  fresh  G.P.  serum.  (5)  Bring  the  fluid  in  all  the 
T.T.  up  to  a  vol.  of  1  -5  c.c.  by  the  addition  of  0-85  S.S.S.  (6)  Keep  1  hr. 
at  370.  (7)  Add  to  each  T.T.  2  M.H.D.  (BS'TIS^  of  inactivated  haemo- 
lytic serum  and  0-5  c.c.  5  per  cent  erythrocyte  susjjension.  (8)  Keep 
at  37C  until  haemolysis  is  complete  in  the  controls.  (9)  Read  the 
results. 

Notes.— ^The  clear  filtrate  represents  approximately  1-100  dilution  of  protein. 
''The  anti-serum  is  obtained  by  inoculating  rabbits  with  the  serum,  or  a  meat  extract 
of  the  species  of  animal  whose  llesh  is  to  be  tested  for. 

B9-762  SAUSAGE  MEAT.'— (1)  Mince  finely  30  grm.  sausage 
meat.  (2)  Extract2  12  hr.  in  the  cold  with  30  c.c.  0-85  S.S.S.  (3)  Shake 
wel.     (4)  Centrifugalize.     (5)  Use  the  S.N.F.  as  antigen  in  test. 

Notes. — ^The  test  which  is  usually  required  is  for  the  presence  of  horse  flesh.  ^If 
t  he  sausage  meat  is  very  fat  it  should  be  extracted  with  ether  first.  Antiformin  extracts 
also  may  be  used. 
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B9-8   CYTOLYTIC    ACTION  :   B981   CARCINOMA  :   BSSU.- 

(1)  Use  noil -degenerated  portions  of  carcinomatous  tissue  from  the 
edge  of  a  growth.'  (2)  Cut  up  into  small  pieces  and  wrap  in  a  cloth.  (."J) 
Squeeze  out  the  fluid  from  the  material  into  0(J  per  cent  S.S.S.  to  which 
1  per  cent  s<m1.  fluoride  has  been  added=cell  suspension.  (1)  Wash 
by  centrifugalizing  3  times  with  OG  percent  S.S.S.  (5)  Make  a  sus- 
pension of  the  deposit  with  1  per  cent  .sod.  fluoride.  {(3)  Set  uj)  a 
mi.vture  :— test  serum  10  ;  cell  suspension  1  :  OS  per  cent  sod.  fluoritlc  1. 
(7)  Set  up  controls.  (8)  Keep  24  hr.  at  37C.  (9)  Make  a  count^  df  the 
cells  before  and  after  incubation  at  .JTC. 

Notts.— ^Used  in  diagnosis  of  carcinoma.  'The  cells  are  disintegrated  by  nurmal 
sen  but  not  by  carcinomatous  sera. 

B9*812.— ;i)  Use  non-degenerated  portions  of  carcinomatous  tissue. 

(2)  Grind  up  in  a  mortar  to  make  a  ceil  suspension  with  5  vol.  1  per  cent 
di-sod.  phosphate.  (3)  Filter  through  several  layers  of  gauze.  (I) 
Allow  the  cells  to  settle.  (5)  Decant  the  S.  N.  F.  (6)  Suspend  the  cells 
in  06  per  cent  sod.  chloride.  (7)  Allow  the  cells  to  settle.  (8)  Decant 
theS.  N.  F.  (9)  Suspend  the  cells  ialperc2nt  sod.  fluoride.'  (10)  Set 
up  a  mixture  : — freshly  collected  test  serum  10  ;  cell  suspension  1  ;  05 
per  cent  sod.  fluoride  1.  (11)  Set  up  a  mi.xture  : — freshly  collected 
normal  .serum  10  ;  csU  suspsnsion  1  ;  05  per  cent  sod.  fluoride  1.  (12) 
Place  samples  of  the  mi.xtures  on  the  platform  of  a  blood  counting 
chamber.  (13)  Lute  the  coverglass  with  vaselin  to  prevent  evaporation. 
(14)  Keep  24  hr.  at  37C.  (15)  Compare  counts  of  the  cells  before  and 
after  incubation. 

Molt.  — 'Xeutralizc  to  alizarin  until  only  a  trace  of  the  violet  colour  remains. 

BIO  BLCOD  SERUM  REACTIONS  :  BlOl  DIGESTIVE 
ACTION. 

Nvttt  — '.Syn.  ferment  action.  Proteolytic  action.  Ninhydrin  test.  Polarime- 
trie  test. 

BIOll  DIALYZATION  TEST.' 

NoUl.  — 'Sii  1  t  .  1)  apphcibl.-  for  the  demon.st ration  of  special  digestive  ferment 
action  in  pregnancy,  dementia  pr»30X,  exophthalmic  goitre,  malignant  distase, 
epilepsy,  taenia  solium  infection,  atcaris  lumbricoides  infection,  diphtheria,  anthrax, 
typhoid  fever,  tryianosomiasis,  spirochsetotis,  etc. 

BlOlll  GLASSWARE  PREPARATION.— (1)  Wash  all  glassware 
in  water  followed  by  alcohol  and  ether.  (2)  Wash  finally  with  U.W  .  (3) 
Sterilize  'S9"2)  by  hot  air. 
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BlO-12  NINHYDRIN  REAGENT.—;!)  Make,  with  .sterile  pre 
cautions,  a  1  per  cent  sdl.  in  D.  W.  (2)  Preserve  in  a  cool  dark 
place. 

BIO'113  SUBSTRATE. —  1)  Cut  the  substrate  material  up  into 
small  pieces  and  wash  well  in'  running  water.  (2)  Free  the  tissue,  by 
handling  and  squeezing,  from  blood  and  blood  clot.  (3)  Grind  up  the 
material  in  a  mortar.  (4)  Remove  connective  tissue.  (5)  Wash  until 
the 'material  is  quite  free  of  blood.  (6)  Make  a  1  per  cent  suspension 
in  D.  W.  (7)  Add  5  drops  glacial  ascitic  acid  per  litre.  (8)  Boil  10  min. 
(9)  Wash  the  coagulated  material  with  D.W.  until  free  of  acid.  (10) 
Resuspend  in  D.W.  and  boil  10  min.  (11)  Continue  the  process  six  times 
in  succession.  (12)  .Sus;)end  in  only  a  small  quantity^  of  water.  (13) 
Boil  5  min.  (14)  Filter  oft' the  water  for  test.  (15)  Add  to  5  c.c.  filtrate 
in  a  T.T.  1  c.c.  ninhydrin  sol.  (16)  Boil  1  min.  (17)  Note  the  absence 
of  any  colouration-  after  30  min.  (18)  Preserve  the  solid  material  in  a 
sterile  jar  containing  D.W.  and  covered  with  toluol. ^ 

Notes. — *Just  sufficient  water  to  jJieveut  clanger  of  burning  with  boiling,  and  to 
give  sutiicienl  Huid  for  test.  ^The  washing  and  boiling  must  be  repeated  if  any  trace  of 
colour  appears.  ^Only  sterile  forceps  should  be  used  to  remove  tissue  from  the  jar 
and  once  removed  none  should  ever  be  put  back.  The  process  of  preparation  lasts 
several  hrs.  and  if  interrupted  the  material  should  be  covered  with  toluol. 

BlO-114  DIALYZING  SHELLS  PREPARATION— (1)  Soak  new 
shells  in  sterile  D.W.  until  they  are  pliable.  (2)  Boil  for  30  sec.  (3) 
Place  in  a  jar  of  sterile  D.W.  containing  a  few  drojjs  of  chloroform  and 
covered  with  toluol.  (4)  Remove  for  use  with  clean  sterile  forceps 
only. 

B10115  DIALYZING  SHELLS,  IMPERMEABILITY  TO 
ALBUMIN. — (1)  Place  fresh  blood  serum^  free  troni  all  traces  of  hiemo- 
globin  in  each  shell,  taking  care  not  to  soil  the  outside  of  the  shell.  (2) 
Place  the  shell  and  its  contents  in  a  sterile  glass  cylinder  jjlugged  with 
cotton  wool  and  containing  20  c.c.  sterile  D.W.  (3)  Cover  the  fluid  in 
the  shell  with  toluol  and  also  the  water  surrounding  the  shell.  (4)  Keep 
20  hr.  at  37C.  (5)  PiiJette  off,  with  sterile  precautions,  10  c.c.  dialysate 
from  beneath  the  toluol  layer  into  a  clean  sterile  T.T.  (6)  Add  to  the 
T.T.  2-5  c.c.  33  per  cent  sod.  hydroxide.  (7)  Mix  carefully.  (8)  Add 
1  c.c.  0"2  per  cent  copper  sulphate  to  form  a  layer  on  top  of  the  fluid  in 
the  T.T.  (9)  Note^  the  formatioir  of  any  colouration  at  the  interface 
between  the  two  fluids.     (10)  Reject  any  shells  which  are  permeable. 

Notes. — 'A  5  per  cent  sol.  of  white  of  egg  may  be  used.  "No  colouration  should 
appear.     I'he  occurrence  of  a  violet  tint  shows  permeability  of  the  shell  to  albumin. 
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BIO- 116  DIALYZING  SHELLS  PERMEABILITY  TO 
PEPTONE.  -(1)  riii.o  l-l(Mi(ipt'|)toiu'.s.)l.  iucachsli.'ll.  takini: -;iiMt  can" 
ni)t  tt)  soil  the  outside  of  the  sliell.  (2)  Place  the  shell  and  its  eoiiteuts 
in  a  sterile  glass  cyliiulei-  pluggetl  with  cotton  wool  and  containing  2(1  c.c. 
sterile  D.W.  (3)  Coverthe  fluid  in  the  shell  with  toluol  and  also  the  water 
surrounding  the  shell.  (4)  Keep  2t  hr.  at  37C.  (o)  Pipette  off,  with 
sterile  precautions,  10  c.c.  dialysate  from  beneath  the  toluol  layer 
into  a  clean  sterile  T.T.  (6)  Add  02  c.c.  ainhydrin  sol.  (7)  Hoil  for 
exactly  one  niin.  (8)  Leave  30  niin.  (9)  Note  the  colour'  of  the  (luiil 
in   the  T.T.  (10)  Reject  any  shells  which  are  not  permeable. 

Notts. — 'It  should  show  a  deep  blue  ;  if  it  does  not,  then  the  shell  is  impermeable, 
or  only  |>artly  permeable  to  peptone. 

BIO'117  TEST.  — (1)  Use  a  perfectly  clear  test  serum,  free  of  ery- 
throcytes, within  12  hr.  of  obtaining  the  blood.  (2)  Remove  a  suthcieiit 
amount  of  the  substrate  material  with  sterile  forceps.  (3)  Wash  in  sterile 
D.W.  to  remove  toluol.  (4)  Boil  2  min.  with  5  vol.  sterile  D.W.  and 
test  the  water  with  ninhydrin.  (5)  Place  the  substrate  material  on  sterile 
tilter  {>a{K?r.  (6)  Squeeze  to  remove  excess  water.  (7)  Weigh.  (8)  Set 
up  three  shells  for  the  test.  (9)  Place  05  grm.  substrate  material  in  Xos.  1 
and2shells.  (10)  Add  1"5  c.c.  test  serum  to  No.  1  and  No.  Sshelis.  (11) 
Add  1-5  c.c.  sterile  D.W.  to  No.  2  shell.  (12)  Hold  each  shell  shut 
with  sterile  forceps  and  wash  the  outside  well  with  sterile  D.W.  (13) 
Place  each  shell'  and  its  contents  in  a  sterile  glass  cylinder  ])lugged  with 
cotton  wool  and  containing  20  c.c.  sterile  D.W.  (11)  Coverthe  fluid  in 
the  shell  with  toluol  and  also  the  water  surrounding  the  shell.  (15)  Keep 
24  hr.  at  37C.  (16)  Set  up  controls  with  normal  serum  and  with  a  known 
positive  serum.  (17)  Pipette  off  with  sterile  precautions  10  c.c.  dialysate 
from  beneath  the  toluol  layer  into  a  clean  sterile  T.T.  (18)  Boil  with 
0-2  c.c.  ninhydrin  sol.  exactly  one  min.  (19)  Leave  30  min.  (20)  Note 
the  colour  of  the  fluid  in  the  T.T.2 

HotM.— »  The  "thell  should  project  at  least  l-4th  in.  above  the  level  of  the  Burround- 
ing  duid.  The  dialysate  of  No.  2  and  No.  3  shells  should  be  without  colour  or  show 
only  the  faintest  blue  tinge.  The  dialysate  of  No.  1  shell  shows  a.  deep  violet  blue 
colouration  when  the  reaction  is  strongly  positive,  or  a  fainter  blue  when  weakly  positive. 
The  reaction  is  negative  if  this  dialysate  is  without  colour,  or  shows  only  the  faintest 
blue  tin«e.     A  pinkish  or  brownish  yellow  discolouration  is  not  a  iwsitive  reaction. 

B1012  POLARIZATION  TEST.' 

Notes.     '  V.   B10-1101    lur   applicability. 

B10-12I.  -( I )  Place  in  the  polarization  tube:— 10  per  cent  .stan('ard 
peptone'  1  c.c.  ;  test  .serum*  1  c.c. ;  OSS  S.S.S.  to  fill  the  jiolarizut  ion  tube. 
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(2)  Keep  1  hr.  at  37C.  (3)  Set  up  controls  witli  known  normal  and 
known  positive  sera.  (4)  Read,  the  degree  of  rotati(  u^  houiiy  for  6  hr. 
and  then  after  36  to  48  hr. 

Notes.— 'A  specially  prepared  peptone.  ^Must  be  ab.solutely  free  of  li»nioglobin 
and  erythrocytes.  'The  rotation  should  show  little  change  during  the  tirst  two  hr. 
Cleavage  is  usually  evident  in  positive  sera  at  the  end  of  6  hr.  and  may  amount  to 
0-05  to  0-02  degrees.     It  seldom  amounts  tn  more  than  0-03  degrees  in  normal  sera. 

BlO-2    EPIPHANIN    REACTION:  BlO-21    SYPHILIS—  1)  Use 

syphilitic  liver  antigen  (A3*611j,  fresh  unheated  serum,  N-1  sulphuric 
acid,  N-1  barium  hydroxide. '  and  1  per  cent  ale.  phenolphthalein  sol. 
containing  10  per  cent  strontium  chloride.  (2)  Set  up  5  T.T.  containing, 
Nos.  1  to  4,  1  c.c.  appropriate  antigen  dilution,^  No.  5,  1  c.c.  0-85  S.S.S. 

(3)  Add  to  Nos.  1  to  3,  O'l  c.c.  of  a  series  of  dilutions  of  test  serum  and 
to  No.  5,  0-1  c.c.  0-85  S.S.S.  (4)  Add -to  each  of  the  T.T.  of  the  entire 
series  very  carefully  2  c.c.  N-1  sulphuric  acid,  2  c.c.  barium  hydroxide, 
and  O'l  c.c.  phenolphthalein  strontium  chloride  mixture.  (5)  Add  to 
No.  4  T.T.^  in  which  the  reaction  will  already  have  taken  place,  O'l  c.c. 
of  the  same  dilution  of  test  serum  as  was  added  to  T.T.  No.  2.  (6)  Read 
the  results.* 

Notes. — '  Prepared  from  a  saturated  sol.  The  sol.  must  show  no  trace  of  cloudiness. 
E.g.,  1-10,000.  'The  control  T.T.  with  which  comparisons  of  colour  are  made.  *A 
positive  result  is  obtained  if  T.T.  Nos.  1  to  3  show  lessened  alkalinity  than  No.  4,  i.e., 
a  lighter  pink  colour.  A  negative  result  is  obtained  if  T.T.  Nos.  1  to  3  are  more  alkaline 
than  No.  i,  i.e.,  show  a  more  intense  pink  than  No.  4  T.T.  The  exact  degree  of  increase 
of  H-ion  concentration  produced,  when  the  test  serum  is  specific  for  the  antigen  may 
be  determined  by  titration. 

BIO  3  FLCCCULATION  REATCION.' 

NoteS.^^  A  reaction  used  for  the  detection  of  syphilitic  sera. 
BlO-31 :  BlO-311    ANT:GEN.— (1)  Digest  together  for   1  hr.  :— 
serum'  1  ;  5  per  cent  trypsin  1.     (2)  Prepare  : — serum  digest  1  ;  methyl 
ale.  50.     (3)  Keep  15  min.  at  37C.     (4)  Shake  gently  to  mix  .     (5)  Cen- 
trifugalize.     (6)  Pipette  oti  the  clear  S.N.F.  for  use. 
Notes. — *  Test  sera,  and  known  positive  and  normal  sera. 
BIO'312  TEST. — (1)  Set  up  a  number  of  racks  each  containing  8 
small  T.T.,  one  rack  for  each  serum.     (2)  Add  to  each  T.T.  of  each  rack 
8  vol.  of  serum.     (3)  Add  to  each  T.T.  ]  vol.  5  per  cent  platinum  chloride. 

(4)  Compare  the  test  sera  T.T.  with  the  known  positive  and  known 
normal  sera  T.T.  for  rate  of  appearance  '  of  flocculation. 

Notes. — *  In  the  case  of  the  normal  serum  a  distinct  fine  precipitate  appears  almost 
immediately,  whereas  in  the  case  of  a  syphilitic  serum  the  fluid  remains   clear  for  an 
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Kpprrciablc  time  after  the  reagent  has  been  added.  The  test  isdrpendrnt  on  thi'SBsumed 
deficiency  of  syphilitic  serum  in  lecithin  and  the  precipitation  of  the  latter  by  platinum 
chloride. 

BlO-32  :  BIO'321.— (1)  Prepare  :— fresh  uiiheated  test  serum  r>c.c; 
D.W.  1  c.i-.  ;  2o  per  cent  chemically  pure  nitric  acid  of  S.G.  1119  .3  c.c. 
(2)  Shake  to  mix.  (3)  Keep  l(t  min.  at  R.T.  (1)  Add  Hi  c.c.  D.W.  (5) 
Invert  to  mi.v.  (6)  Keep  10  min.  at  R.T.  (7)  Invert  to  mi.v.  (8) 
Ob.serve   precipitate.' 

Notts.  -'  A  precipitate  persists  in  the  case  of  a  syphilitic  serum  but  goes  into  sol. 
in  the  case  of  a  normal  serum.     Slight  opalescence  is  taken  as  positive. 

BlO-322.  -(1)  Prepare  No.  1  sol.'  :— 96  per  cent  ale.  1  ;  D.W.  -J. 
(2)  Prepare  Xo.  2  .sol.'  :— 96  per  cent  ale.  2  ;  D.W,  5-5.  (3)  Add  02  c.c. 
inactivated  test  serum  to  3  c.c.  of  each  of  No.  1  and  No.  2  sol.  (4) 
Observe  flocculation^  at  the  end  of  10  and  (JO  min. 

Molt*.—*  Must  be  absolutely  neutral.  'Positively  syphilitic  sera  show  llocculation 
with  bvtb  sol. 

B10*323.  — (1)  Determine  the  highest  dilution  of  di  per  cent 
lactic  acid  which  when  added  in  the  quantity  2  c.c.  to  0'2  c.c.  inactivated 
test  .serum  still  gives  a  dehnite  flocculation.  (2)  Compare  with  a  known 
normal  serum. 

BIO'33  :  .BIO'331.— (1)  Prepare  :— inactivated  test  serum'  04; 
fresh  2  per  cent  sod.  glycocholatt-  02  ;  1-19  glycholate  cholcsterin  sol."* 
0-2.  (2)  Shake  gently  to  mix.  (3)  Keep  20  hr.  at  R.T.  (J)  E.xaniine 
for  flocculation. 

Notts.  — '  Uxmoglobin-frce,  inactivated  3U  min.  at  55C.  'In  distilled  water. 
'Make  a  stock  sol.  sod.  glycocholatc  2  ;  cholcsterin  U'4  ;  95  per  cent  ale.  lUO.  Dilute 
1-19  with  D.W. 

BlO-34:  BIO'341  CYTOZYME.'— (1)  t'se  ale.  extract  of  G. P.  s 
heart. 

Notts.— '  Syii.  tliroriibuzyiue,  Ihrombokinasc. 

BlO-342  SEROZYME.— ;l)  Prepare  this  serum  which  i.s  the  serum 
exuding  from  oxalate  plasma  coagulated  with  calc.  chloride,  2  or  3  hr_ 
before  use.     (2)  Dilute   l-.j.   1  hr.  before  u.se. 

BIO- 343  CALC.  CHLORIDE.  (I)  I'lepare  :— 1  per  cent  calc. 
chloride   1  ;  0«'>  S,,-;  S.   lid. 

BlO-344  OXAIATE  PLASMA  DILUTION.-(l)  Prepare:— 
oxalate  pla.snia  1  ;  I  per  cent  sod.  oxalate  1  ;  Of<5  S.S.S.  3. 

BlO-345  TEST.-(l)  Set  up  4  T.T.  containing  01  c.c.  ijiactivatid 
serum.     (2)  Add  to  T.T.    Nos.  1  to  3,  01  c.c.  1-40,  «0,  160  cytozyme 
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(3)  Add  to  No.  4  T.T.,  O'l  c.c.  0-85  S.S.S.  (4)  Keep  30  niin.  at  R.T. 
(5)  Add  to  each  T.T.  1  c.c.  calc.  chloride  sol.  and  0'5  c.c.  serozyme.  (6) 
Shake  to  mi.x.  (7)  Keep  15  inin.  at  R.T.  (8)  Add  1  c.c.  oxalate  plasma 
dilution.  (9)  Incline  the  T.T.  at  intervals  to  determine^  the  time  of 
coagulation.  (10)  Set  up  control  T.T.  in  which  the  serum  is  replaced 
by  0-85  S.S.S.  to  determine'  the  coagulation  in  these  T.T. 

Notes. — *  Coagulation  ought  to  appear  in  the  salt  control  T.T.  in  2  to  4  min.  ;  later, 
in  the  case  of  normal  sera  T.T.,  inlOto  UO  min.  or  not  at  all,  with  syi)hilitic  sera. 

BIO'35  :  BIO'351.  -(1)  Prepare  :— fresh  clear  test  seium  1  ;  D.W.  3. 
(2)  Keep  15  hr.  at  R.T.  (3)  Set  up  controls  with  normal  and  known 
positive  sera,     (i)  Observe  flocculation.' 

Notes. — '  rlocculation  occurs  only  in  the  case   of  syphilitic  sera. 

BIO' 36  :  BIO'361.  (1)  Prepare  :— inactivated  serum  02  c.c; 
organ  extract'  diluted-  with  D.W.,  ]'5  c.c.  (2)  Shake  to  mix.  (3)  Keep 
60  min.  at  37C.  (4)  Add  25  c.c.  D.  W.  at  37C.  (5)  Shake  to  mix.  (6) 
Keep  16  hr.  at   37C.     (7)  Observe  flocculation.^ 

Notes. — *  Human  heart.  *The  dilution  varies  with  the  extract.  ^Normal  sera 
precipitate,  whilst  positive  sera  show  only  opalescence. 

BIO'362. — (1)  Make  a  1-8  dilution  of  ale.  extract  of  human  heart 
by  very  slow  addition  of  D.W.  (2)  Set  up  a  series  of  small  T.T.  each 
containing  02  c.c.  of  inactivated  known  normal  serum,  ami  1  c.c.  antigen 
dilution.  (3)  Leave  24  hr.  (4)  Add  1  c.c.  sol.  of  sod.  chloride  varying 
from  li  to  2'4  j^er  cent  to  the  T.T.  (5)  Note  the  highest  dilution  of 
sod.  chloride  which  dissolves  the  precipitate  which  is  formed  on  mixture 
of  serum  and  antigen.  (6)  Set  up  two  small  T.T.  each  containing  0"2  c.c. 
inactivated  test  serum.  (7)  Add  to  No.  l.T.T.  0-8  c.c.  and  to  No.  2  T.T. 
1  c.c.  antigen  dilution.  (&)  Keep  20  to  24  hr.  at  37C.  (9)  Shake  to 
distribute  the  precipitate.  (10)  Add  to  both  T.T.  the  selected  dilution 
of  sod.  chloride.  (11)  Observe  flocculation.' 
Notes. — '  Persists  in  the  case  of  syphilitic  sera. 

BlO-37  NOGUCHI  :  B10*371.— (1)  Add  1  c.c.  10  per  cent  butyric 
acid  in  0-85  S.S.S.  to  0'2  c.c.  clear  unstained  cerebro-spinal  fluid-  (2)  Heat 
gently  to  boil.     (3)  Add  quickly  0-2  c.c.  N-1  sod.  hydroxide.     (4)  Boil 
for  a  few  sec.     (5)  Keep  1  hr.  at  R.T.     (G)  Examine  for  flocculatiou.' 
Notes. — '  A  positive  reaction  is  indicative   of  a  true  meningitis,  e.g.,  tubercular. 

B10*38  :    BIO'381.— (1)  Add   1  c.c.  1-5  inactivated  test  serum  to 
0'2  c.c.  1  per  cent  lecithin  in  05  per  cent  carbolized    0'85   S.S.S.     (2) 
Keep  2  hr.  at  37C.     (3)  Keep  24  hr.  at  R.T.     (4)  Observe  floccula.tion.i 
Notes. — *  Occurs    only  in  a  syphilitic  serum. 
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BIO'382. — ;i)  Prepare  :— inactivated  tiear  serum'  1  :  1  ])er  cent 
[jiire  s.  I,  ijlycmholate  in  D.W.  1.  (2)  Keep  at  ll.T.  •_'(>  lir.  (14)  Examine 
for   coai-se    Hocculation. 

Notts.  -'  Use  tost,  uurmal,  uml  known  positive  sera. 

BlO-39  SACHS  AND'GEORGI  :  BlO-391  ANTIGEN.— 1)  Extract 

1  gnu.  ox  lieari  witli  .")c.t..  WO  percent  ale.  ['!)  Aild  to  IlKlc.c.  of  this 
extract,  200  c.c.  96  per  cent  ale.  and  i:Jc.c.  1  per  cent  cholesterin.  (\h) 
Dilute  this  mi. xture  at  the  time  of  use  with  an  equal  quantity  of  OSoS.S.S. 
and  mix.  (4)  Add  rapidly  085  S.S.8.  to  an  amount  equal  to  four  times 
the  t"i>l.  of  the  mixture.     (.5)  Use  as  antigen  dilution  in  the  te.st. 

BIO'392  TEST.— (1)  Prepare  :— antigen  dilution  1  ;  1-10  inactivat- 
ed test  serum  1.  (2)  Keep  2  hr.  at  :37C.  (3)  Keep  IS  to  20  lir.  at  U.T. 
(4)  Ob.serve    tlocculation.'     (-5)  Set    up   controls. 

Notes. —'Positively  syphilitic  sera  show  numerous  small  particles  which  deuubit 
.luJ  kiivo  A  clear  S.N.F.     Negative  sera  are  clear  or  faintly  opalesccut. 

BlO-4  H;EM0LYTIC  action  :  BlO-41  H/EMOLYTIC  SERUM 
STANDARDIZATION.' 

Notes.— 'V.  al=o  B9-713. 

BIO'411. — ;l)  -Mix  increasing  quantities  but  in  equal  vol.  of  in- 
activated' hfeniolytic  serum  with  1  c.c.  5  per  cent  suspension  of  suitable 
erythrocytes  and  O'l  c.c.  fresh  G.P.  serum.-  (2)  Keep  2  hr.  at  ;57C'.  (:}) 
Read  the  resiUt.'' 

Notes.— '30  min.  at  o6C.  The  quantity  O'l  c.c.  G.P.  serum  has,  hy  experience, 
been  found  to  be  the  most  suitable  for  1  e.c.  5  per  cent  suspension  of  washed  erythrocytes. 
*The  smallest  quantity  of  hemolytic  serum,  which  still  gives  complete  hx-molysis,  is  the 
unit   generally  adopted. 

BIO'412. — (1)  Set  up  a  series  of  small  T.T.  containing,  say,  005, 
01,  0  15,  U-2,  0-25,  0-3,  035,  0-4,  045  aiid  05  c.c.  1-100  inactivated' 
heemolytic  serum  for  sheep  erythrocytes  together  with  1  c.c.  1-20  fresh 
G.P.  complementing  serum,  and  1  c.c.  25  per  cent  washed  erythrocyte 
8uspen.sion.  (2)  Set  up  3  control  small  T.T.  containing  : — No.  1,  1  c.c. 
I-lOO  inactivated'  sheep  hicmolytic  te.st  serum  and  I  c.c.  25  per  cent 
washed  sheep  erythrocyte  suspension,  No.  2.  1  c.c.  1-20  fresh  G.P.  com- 
plementing serum  and  1  c.c.  25  per  cent  sheep  erythrocyte  suspension. 
No.  3,  I  c.c.  sheep  erythrocyte  suspension.  (3)  Make  up  the  vol.  in 
all  the  T.T.  to  3  c.c.  with  085  S.S.S.  (4)  Keej)  1  hr.  at  37C'.  (5)  Note 
the  T.T.  in  the  test  series  which  shows  complete  ha-molysis  with  the 
smallest  content  of  hsemolytic  .serum.  (0)  Record  thia  amount  of 
hsemolytic  serum  as  the  minimum  hemolytic  dose."'' 

NetOt.— >  30  min.  at  6GC.     The  unit. 
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BlO-42  TRANSFUSION  TESTS.' 

Notes.— 'See  also  B8-33.  , 

BIO'421. — (1)  Prepare  10  per  cent  suspension  washed  ervthrocAHes 
(A3'411,  A3'412)inO-85S.S.S.fromdonorandrecipient.  (2)  Prepare  :— 
erythrocyte  suspension  donor  1  ;  serum  recipient  4.  (3)  Prepare  : — 
erythrocyte  suspension  recipient  1  ;  serum  donor  4.  (4)  Prepare  : — 
erythrocyte  suspension  donor  1  ;  serum  donor  4.  (5)  Prepare  : — ery- 
throcyte suspension  1  ;  serum  recipient  4.  (6)  Add  1  c.c.  0'85  S.S.S.  to 
each  of  the  mixtures.  (7)  Keep  2  hr.  at  37C.  (8)  Note  the  result  as 
regards  haemolysis  and  agglutination.  (9)  Keep  overnight  in  the  ice 
chest.     (10)  Read  the  results  again. 

BIO'422. — ;i)  Setup  a  series  of  six  small  T.T.  containing  : — No.  1, 
4  vol.  fresh  donor's  .serum  and  1  vol.  recipient's  erythrocyte  suspension  ; 
No.  2,  4  vol.  fresh  recipient's  serum  and  1  vol.  donor's  erythrocyte  sus- 
pension ;  No.  3,  4  vol.  fresh  donor's  serum  and  1  vol.  donor's  erythro- 
cytes ;  No.  4,  4  vol.  fresh  recipient's  serum  and  1  vol.  recipient's  ery- 
throcyte suspension  ;  No.  5,  4  vol.  C'85  S.S.S.  and  1  vol.  donor's  ery- 
throcyte suspension  ;  No.  6,  4  vol.  C'85  S.S.S.  and  1  vol.  recipient's  ery- 
throcyte suspension.  (2)  Add  20  vol.  0-85  S.S.S.  to  each  T.T.  (3) 
Shake  gently  to  mix.  (4)  Keep  2  hr.  at  37C.  and  inspect  the  T.T.  every 
30  min.  for  the  occurrence  of  haemolysis  or  agglutination. 

Notes. — 'Test     for    isohaemolysin    and    isoagglutiuin   (B8'331).     The    particular 

grouping  to  which  one's  own  blood  belongs  should  be  known  (B8'332). 

BlO-5  MEIOSTAGMIN  REACTION.' 

Notes. — 'Dependent  on  the  fact  that  a  lowering  of  surface  tension  results  from 
the  interaction  of  antigen  and  antibody.  The  greater  the  surface  tension  the  larger 
t  he  drops  formed  and  therefore  the  less  their  number. 

i  BlO-51  ANTIGEN :  BlO-511  BACTERIAL.— (1)  Wash  ofi  the 
48-hr.  growth  of  several  agar  cultures  with  5  c.c.  0'85  S'S.S.  per  culture. 

(2)  Cover  the  suspension  obtained  with  toluol.  (3)  Shake  for  several 
hr.  (4)  Keep  48  hr.  at  37C.  (5)  Filter  through  a  sterile  Berkefeld  or 
Chamberland  F  candle.     ((5)  Use  the  filtrate  as  antigen. 

B10*512  BACTERIAL.— (1)  Dry  the  48-hr.  growth  on  agar  in  vacuo 
over  sulphuric  acid  or  calc.  chloride.  (2)  Grind  up  Oo  grm.  of  the 
powder  obtained  with  20  c.c.  methyl  ale.  (3)  Filter  through  a  sterile 
Berkefeld  or  Chamberland  F  candle.     (4)  Use  the  filtrate  as  antigen. 

BIO'513  CANCER. — (1)  Minces  finely  undegenerated  portions  of 
tumour.     (2)  Dry  at  37C.  or  in  vacuo  over  sulphuric  acid  or  calc.  chloride. 

(3)  Grind   up  the   powder.     (4)  Extract,  with  occasional  shaking,  for 
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24  hr.  at  50C.  witli  methyl  ale.  using  ")  c.c.  por  grin,     (."j)  Filter  while  hot. 
(t>)  Allow  to  cool.     (7)  Filter  through  Schleicher  and  Schull  No.  rj90 
paper.     (8)  Preserve  this  antigen  carefully  from  all  access  of  moisture.' 
Notes.  -'All  pi|>ettcs,  etc.,  used  must  be  thoroughly  dry. 

BIO-514  CANCER.— ;i)  E.xtract  Ory  grni.  lecithin  with  50  c.c. 
acetone  21  hr.'  at  'AK.'.  (2)  Filter  and  refilter  till  clear  through  filter 
paper.  (3)  Dilute-  for  use  to  an  extent  that  will  just  not  cause  a  uiarked 
reduction  of  drop  number  in  normal  serum. 

Hoftl.  — 'A  'synthetic'  cancer  antigen.    '1-50  to  1100. 

BlO-515  SYPHILITIC— (1)  Extract  05  grm.  dried  and  powdered 
.syphilitic  liver  with  .")()  c.c.  abs.  ale.  for  24  hr.  at  37C.,  with  frequent 
shakins.     (2)  Filter.     (3)  Concentrate   filtrate  to  10  c.c. 

BlO-52  ANTIGEN     STANDARDIZATION.-(l)  Set    up   a  series 

of  T.T.  each  contaiiiiiiu  1  vol.  of  the  dilutiims  of  antigen  1-5,  10,  20 

200.  (2)  Add  9  vol.  fresh  normal  serum  diluted  1-20  with  085  S.S.S. 
to  each  T.T.  (3)  Set  up  a  T.T.  containing  1  vol.  of  D.W.  and  9  vol. 
fre-sh  1-20  normal  serum.  (4)  Shake  to  mix.  (5)  Keep  2  hr.  at  37C. 
{<>)  Determine  the  drop  number  of  1  c.c.  of  each  of  the  mi.xtures. 
(7)  Use  in  the  test  the  lowest  dilution  of  antigen  which  does  not  increase 
the  drop  number  for  normal  serum  beyond  1  drop  in  a  total  of  1  c.c. 
over  that  given  by  the  mixture  in  which  D.W.  replaces  antigen  dilution. 

BIO'53.  -(1)  Set  up  the  stalagmometer  rigidly  fixed  in  a  vertical 
position.  (2)  Use  scrupulously  clean  gla.ssware  and  do  not  plug  with 
cotton  wool.  (3)  Determine  the  drop  number  of  1  c.c.  of  fresh  test 
serum  diluted  with  085  S.S.S.  (4)  Set  up  three  clean  T.T.  each  containing 
1  vol.  of  the  selected  antigen  dilution.  (5)  Add  to  No.  1  T.T.  9  vol.  1-20 
test  serum,  to  No.  2  T.T.  9  vol.  1-20  normal  serum,  to  No.  3  T.T.  9  vol. 
known  positive  serum.  (6)  Set  up  a  control  T.T.  containing  1  vol.  D.W. 
and  9  vol.  1-20  test  serum.  (7)  Keep  all  the  T.T.  2  hr.  at  37C.  (8) 
Allow  to  cool.  (9)  Determine  the  drop  number  of  1  c.c.  of  each  mixture. 
(10)  Record  the  result.'  (11)  Clean  out  the  .stalagmometer  with  D.W., 
ale,  and  ether  for  each  successive  measurement,  getting  rid  of  the  ether 
bv  means  of  a  current  of  hot  air. 


,  —'Increase  of  the  dro])  number  by  more  than  2  over  that  of  the  eontrol 
mixture  when  D.W.  takeH  the  place  of  antigen  dilution  may  be  regarded  a»  a  |>o«itivc 
reiiult.      Thi«  inorea^f  will   ■■eldr.m  fTcccl   M. 

BlO-6    OPSONIC  ACTION  :     BlO-61  ANTIGEN  :     BlO-611.     (I) 
Make  a  suspension  of  a  young'  agarcuiture^  in  0"85  S.S.S.     (2;  Allow 
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unresolve<l  nia.sses  to  settle.  (:'<)  As|)iiat('  tlic  ujiper  layer  of  suspension 
into  the  bulb  of  a  capilhu y  ])ii)ette.  (4)  Sea!  through  the  capillary  stem 
just  below  the  bulb,  and  so  obtain  a  small  T.T.  containintj  the  suspension. 
(5)  ("eiitrifugalize,  if  necessary,  to  remove  clumi)s. 

Notes. — '18  hr.  or  less.  Gonococcus  cultures  and  cultures  of  coliform  organisms 
should  not  be  more  than  12  hr.  old.  ^lii  the  case  of  dangerous  organisms  kill  before 
using  in  test  by  means  of  formalin. 

B10"612  STAPHYLOCOCCUS.—;!)  Transfer  a  large  loopful  of  a 
young  agar  culture  to  an  empty  watch-glass.  (2)  Grind  up  in  the  watch- 
glass  with  additions  of  0-85  S.S.S.  drop  by  drop  as  required.  (3) 
Centrifugalize  tlie  suspension  to  remove  unresolved  clumps. 

BlO-613  PNEUMOCOCCUS.— ( 1 )  Use  D.W.  instead  of  0-85  S.S.S. 
in  the  case  of  freshly  isolated  strains  of  pneumococcus,  which  are  not 
easily   phagocytosable. 

B10*614  B.  TUBERCULOSIS.— (1)  Sterilize  a  lOd.  glycerin  broth 
culture  by  .short  heatinjf  in  the  steamer.  (2)  Collect  the  bacterial  growth 
on  filter  paper.  (3)  Wash  with  0-8.5  S.S.S.  ( f)  Keep  the  filter  paper 
and  growth  at  37C.  to  dry.  (5)  Transfer  the  dry  growth  to  a  stoppered 
bottle  and  store.  (6)  Place  about  10  mgm.  dry  growth  in  an  agate 
mortar.  (7)  Grind  up  the  growth,  with  the  addition  of  1  per  cent  S.S.S., 
as  necessary,  to  make  a  thick  suspension.  (8)  Centrifugalize  the  sus- 
pension for  2  min.  to  remove  unresolved  clumps.  (9)  Transfer  the 
S.N.F.  to  a  clean  centrifuge  tube.  (10)  Centrifugalize^  again  for  such 
time  as  is  neces.sary  to  produce  a  suitable  suspension.  (11)  Test  the 
suitability  of  the  suspension  by  mixing  1  unit  vol.  suspension  with  1 
unit  vol.  normal  serum  and  1  unit  vol.  of  washed  leucocytes,  incubating 
1.5  min..  and   making  films.' 

'  Notes. — 'In  the  absence  of  a  centrifuge  the  clumps  may  be  removed  by  filtration 
through  filter  paper.     ^The  leucocytes  should  on  an  average  contain  about  2  bacilli. 

BlO-62  LEUCOCYTE  SUSPENSION:  BlO-621.— (1)  Fill  a  small 
centrifuge    tube    |rd    full  with  1'5  jjer  cent  freshly  made  sod.  citrate. 

(2)  Prick  the  con.stricted  finger  and  receive  the  blood  into  the  citrate  sol. 

(3)  Close  the  open  end  of  the  centrifuge  tube  with  the  thumb  and  invert 
several  times  to  mix.  (4)  Centrifugalize  carefully^  to  give  a  clear  S.N.F. 
(5)  Remove  the  S.N.F.  (6)  Fill  up  the  tube  with  1  per  cent  S.S.S.  and 
invert  several  times  to  mix.  (7)  Centrifugalize  carefullj-.  (8)  Repeat 
the  process  of  removing  S.N.F.  and  adding  fresh  1  per  cent  S.S.S.  (9) 
Remove  the  S.N.F.  (10)  Mix  up  erythrocytes  and  leucocytes  of  the 
sediment  and  use  as  leucocyte  suspension. 

Notes. — 'Without  excessive  speed  so  as  to  avoid  e.xcessive  compaction  of  leucocytes. 
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BlO-63  BLOOD  SERUM:  B10-631.—;l)  Takr  \,Uh\  fr.-n.  tl.o 
jiatieiit  ami  from  om'  or  more  normal  iiuUvidual.s  in  glass  capsuii-s.  (•!) 
Allow  tho  blo(Ml  to  coagulate.     (:})  Usi-  the  separated  serum.' 

Not**.— 'The  sera,  if  kept  in  the  dark,  will  retain  their  potency  for  two  or  more  il«y». 

B10"64  TEST:  B10"641.— (')  t)''*^^'  "P  i'it'>  a  capillary  pipette 
furnished  with  a  rulilu-r  teat  1  unit  vol.  washed  leucocytes,  1  vol. 
antigen  suspension  and  1  vol.  serum'  separated  from  each  other 
by  an  air  seal.  (2)  Blow  out  on  to  a  clean  slide  and  mix  thoroughly. 
(3)  Draw  up  the  mi.xture  into  the  pipette.  (4)  Seal  the  lower  end  of  the 
pijietteand  remove  the  rubberteat.  (5)  Keep  15min.2  at  37('.  ((i)  Have 
in  readiness  a  pile  of  roughened-*  slides.  (7)  Take  a  pair  of  these  slides 
from  the  pile  and  wipe  their  upper  surfaces  to  remove  any  adhering 
traces  of  emery  dust.  (8)  Break  off  the  tip  of  the  capillary  stem  of  a 
pipette  containing  the  serum  antigen  leucocyte  mixture  at  the  appro- 
priate time.  (9)  Blow  out  the  contents  of  the  pi|)ette  on  to  the  extreme 
left  hand  corner  of  one  of  two  slides.  (10)  Fit  a  rubber  teat  to  the 
pip.'tte.  (11)  Use  it  to  mix  the  serum  antigen  leucocyte  mixture.  (12) 
S"t  out  one  drop  of  the  mixture  on  the  mixing  slide  itself,  and  another 
on  the  second  .slide.  (13)  Make  films  of  the.se  drops  with  a  special  glass 
spreader.*  (14)  Continue  the  procedure  at  the  appointed  times  \vith 
each  of  the  serum  antigen  leucocyte  mixtures.  (15)  Pour  a  little  for- 
malin' into  a  watch-glass  or  salt  cellar.  (16)  Place  a  slide  with  film, 
film  si(le  downwards,  over  the  formalin  for  3  sec.  (17)  Stain  .30  sec. 
with  undiluted  carbol  thionin.^  (18)  Wash  and  dry.''  (19)  Count  the 
bacteria  ingested  in  100  leucocytes.     (20)  Calculate  the  opsonic  index." 

NotM.—' Both  test  senim  and  a  normal  serum  for  the  necessary  comparison.  This 
time  may  be  prolonged  when  the  bacterial  suspension  is  too  thin  and  gives  too  small  a 
phagocytic  inclusion,  or  it  may  be  shortened  when  the  preliminary  trial  test  has  shown 
that  it  gives  too  large  a  count  or  results  in  too  rapid  digestion  of  the  bacteria  with  conse- 
quent unsatisfactory  staining.  'Lay  a  slide  down  on  the  bench  and  twirl  it.  Select  that 
aide,  the  convex,  on  which  it  spins  most  easily,  for  preparation  with  emery  pajier. 
Roughen  the  surface  with  fine  Hubert's  00  emery  paper.  *To  make  a  spreader  : — 
make  a  nick  with  the  glass-cutting  knife  about  half  way  along  the  side  of  the  slide. 
Grasp  the  two  ends  of  the  slide  bet  ween  the  lingers  and  thumb  of  either  hand  and  advanc- 
ing the  thumb  of  the  right  hand  as  far  as,  or  a  little  beyond,  the  Intended  line  of  frac. 
ture  to  serve  as  a  fulcrum,  break  the  slide  across  by  putting  a  transverne  strain  on  it 
and  at  the  same  time  exerting  a  pull  in  the  longitudinal  direction.  In  this  Way  an 
ideally  smooth  edge  for  spreading  films  will  be  obtained.  It  should  preferably  be 
•lightly  concave.  The  edge  of  the  spreader  should  be  wiped  on  a  dry  cloth  after  spread- 
ing each  pair  and  from  time  to  time  it  may  be  dipped  into  a  watch-glass  of  water  and 
carefullv  dried.     'Or  fix    in  sat.  mercury  bichloride  for  1  min.  and  wash  thoroughly 


318  Bacteriological  and  Laboratory  Technique. 

in  water.  'Tliionin  0-25;  1  percent  carbolic  acid  1(10.  'If  even  atrace  of  water  is  left 
on  the  filma  smudge  is  developed  in  wliicli  the  leucocytes  are  found  partially  decolour- 
ized. 'The  opsonic  index  is  obtained  by  dividing  the  phagocytic  count  ofi  the  patient's 
blood  by  the  phagocytic  count  of  the  control  blood.  When  used  for  diagnostic  purposes 
evidence  should  be  sought  of  negative  and  jwsitive  phases  occurring  in  sequence,  i.e., 
for  fluctuation  of  values  with  a  given  organism,  and  not  with  others  that  are  tested. 
Failing  evidence  of  spontaneous  inoculations  giving  rise  to  fluctuation,  use  one  or  other 
of  the  methods  which  are  available  for  eliciting  artificial  auto-inoculations,  e.g,  hot 
bath,  respiratory  exercises,  massage,  or  Bier's  bandage,  and  take  .specimens  of  blood 
immediately  before,  half  to  one  hour  later,  and  again  6  and  24  hr.  after  the  procedure 
which  is  designed  to  elicit  such  an  auto-inoculation.  Another  index  than  that  here 
described  is  the  extinction  or  zero  index  in  which  the  test  serum  is  diluted  to  the  point 
at  which  the  phagocytosis  induced  is  the  iiame  as  that  given  by  using  0'85  S.S.S.  in 
place  of  the  serum. 

BlO-642  B.  TUBERCULOSIS.  (1)  Bring  carbol  fuchsin  nearly 
to  the  boil  in  a  large  T.T.  (2)  Pour  over  the  opsonic  film.  (3)  Leave 
10  min.  (4)  Wash  and  drain.  (5)  Pour  on  to  the  fiJm  2'.5  per  cent, 
sulphuric  acid  and  leave  20  sec.  (6)  Wash.  (7)  Pour  on  to  the  film 
4  per  cent  ascitic  acid.  (8)  Wash.  (9)  Pour  on  to  the  film  alkaline 
methylene  bluei  and  leave  30  sec.  (10)  Wash.  (11)  Shake  to  get  rid 
of  as  much  water  as  possible.  (12)  Dry  between  sheets  of  clean  blotting 
paper.  (13)  Place  on  the  top  of  an  incubator  or  other  warm  place  to  dry. 
Notes.— ■Methylene  blue  1  ;  sod.  carbonate  1  ;  D.W.  200. 

BlO-643  BACTERIA  EASILY  DISINTEGRATED— (1)    Use    the 

procedure  for  B.  tuberculosis. 

BlO-7    PRECIPITIN    ACTION:  BlOTl   BACTERIA:    BIOTU 
ANTIGEN.     (1)    Filter    a   3-week  bouillon    culture    through    a    new' 
Berkefeld  candle.     (2)  Use  the  filtrate  as  antigen. 
Notes. — *An  old  filter  candle  is  apt  to  keep  back  antigen. 

BIO'712  ANTIGEN.— (1)  Make  a  suspension  of  a  48-hr.  agar 
culture  with  10  c.c.  0-85  S.S.S.  (2)  Leave  overnight' at  37C.  (3)  Filter 
through  a  new  Berkefeld  candle.     (4)  Use  the  filtrate  as  antigen. 

BIO'713  ANTIGEN.  (1)  Make  a  suspension  of  a  48-hr.  agar 
culture  with  10  c.c.  0'85  S.S.S.  (2)  Add  3  c.c.  N-4  hydrochloric  acid  or 
N-4  sod.  hydroxide.  (3)  Boil  20  min.  (4)  Neutralize.  (.5)  Filter 
through  filter  paper,  ((i)  Use  the  clear  filtrate  as  antigen.  (7)  Preserve 
after  addition  of  0-,5  per  cent  phenol  in  a  cool  dark  place. 

BlO-714  ANTIGEN.  -(1)  Filter  through  a  new  Berkefeld  candle 
an  8-week  bouillon  culture.  (2)  Add  6  vol.  95  per  cent  ale.  to  the 
filtrate.  (3)  Filter  the  mixture  through  paper.  (4)  Press  the  precipitate 
retaiaed  on  the  paper  between  folds  of  filter  paper.     (5)  Dry  it  at    R.T, 
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(fi)  Dissolve  in  water.  (7)  Precijutate  by  adding  solid  amnion. 
sul|)hi.te  to  .saturation.  (8)  Filter  off  the  ))recipitate.  (9)  Re-dissolve 
the  precipitate  in  water.  10)  Salt  out  again  by  the  addition  of  anunon. 
sulphate  to  .saturation.  (II)  Wash  the  preeipitate  with  .sat.  amnion, 
sulpluite  .sol.  (12)  Press  between  folds  of  filter  paper,  (l,"})  Ke-dissolve 
in  water.  (14)  Remove  the  excess  of  ammon  sulphate  from  this  sol.  by 
rep?ated  fractional  addition  of  95  per  cent  ale.  (15)  Precipitate  the 
antigen  tinallv  with  a  large  excess  of  ale. 

BIO'715  TEST. — (1)  Set  up  a  series  of  4  T.T.  eacii  containing  2  c,c. 
antige.i  \B10"711).  (2)  Add  005,  O'l,  0-5  and  1  c.c.  test  serum  to  each 
T.T.  (i)  Set  up  controls  with  known  positive  and  negative  precipitin 
sera.  (4)  Leave  6  hr.i  at  R.T.  without  shaking.  (5)  Note  in  which 
precipitation  has  taken  place  and  its  amount. 

NotM. — '  When  the  serum  is  strongly  precipitating  the  clouding  of  the  clear  fluid 
should  take  place  in  15  miu. 

BlO-716  TEST.'— (1)  Use  antigen    BlO-712  in  i)lace  of  BIO'711. 

Notts* — '  Tuhes,  instruments  and  serum  must  be  sterile  and  all  precautinns  for 
sterility  taken  owing  to  the  fact  that  the  reaction  is  much  slower  than  with  serum 
precipitin,  and  may  take  as  much  as  24  hr.  to  develop  with  thecon.scquent  possibility  of 
bacterial  growth  and  turbidity  due  to  that  cause. 

BlO-72  D.  PNEUMONIAE:  BlO-721  ANriGEN.—(l)  Place  0 c.c. 

pneumonic  sputum  in  a  T.T.  (2)  Kot-p  ut  lOnC.  till  a  more  or  less 
firm  coagulum  results.  (3)  Breakup  the  coaguluni  with  a  gla.ss  rod. 
(4)  Add  1  to  1-5  c.c.  of  0-85  S.S.S.  (5)  Keep  a  few  min.  at  lOOC.  with 
frequent  shaking,  ((i)  Centrifugalize.  (7)  Use  the  dear  S.N.F.  in  the 
test. 

BIO'722  ANTIGEN. — (1)  Dissolve  pneumococcu;;  sputum  by  the 
addition  to  it  of  5  per  cent  antiformin.i  (2)  Boil.  (3)  Over  neutralize 
while  hot,  with  acid,  to  precipitate  albumin.  (4)  Centrifugalize.  (5) 
PipetteofftheS.N.F.  and  neutralize.  (6)  Add  several  vol. ale.  tr)  produce 
a  precipitate.  (7)  Centrifugalize.  (8)  Remove  the  ale.  (9)  E.>:tra<t 
the  .sediment  with  about  1  c.c.  0-85  S.S.S.  at  lOOC.  (10)  Centrifugalize. 
(11)  Use  the  clear  S.N.F.  as  antigen  for  typing. 

Not*t.  — *  Bile  may  be  used  to  dissolve  pneumococci. 

BIO'723  ANTIGEN.— (1)  Wash  test  sputum  with  sterile  085 S.S.S, 
(2)  Inject  1  c.c.  intraperitoneally  in  a  mouse.  (3)  Kill  the  niou.se  after 
6hr.  (4)  Wash  out  the  peritoneum  with  8  c.c.  OSSS.S.S.  (5)  Centrifu(,'e 
the  turbid  fluid  obtained  at  high  speed.  (6)  Use  the  S.N.F.  in  precipitin 
test   with  type  s«»ra. 

i,   HB,  9 
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B10*724  TEST. — (1)  Set  up  a  series  of  T.T.  containing  undiluted 
type  soia.  (2)  Add  antigen  (BIO'721 )  to  form  a  layer  above  the  serum. 
(3)  Keej)  a  few  min.  at  50  to  55C.  (4)  Examine  for  the  formation  of  a 
ring  jirecipitate  at  the  interface  between  the  two  fluids.  (5)  Determine 
the  '  iype  '  of  the  antigen  from  the  result. 

BIO'725  TEST. — (1)  Mi.x  clear  test  pneumonia  serum  or  urine  in 
precipitin  test  with  type  sera  imdiluted  and  diluted  1-2.  (2)  Examine 
immediately  and  after  1  hr.  at  R.T.  (.3)  Determine  the  t^'pe  from  the 
precipitin  results. 

BIO  73  B.  MALLEI:  BIO  731  ANTIGEN.—  ,!)  Make  a  suspen- 
sion  with  i;-85  S  S.S.  of  a  :id.  glycerin  agar  culture.  (2)  Keep  2(1.  at  37C. 
(3)  Filter  through  a  Berkefeld  or  Chamberland  candle. 

BIO'732  ANTIGEN.— (1)  Prepare  a  sol.  of  a  48-hr.  agar  growth 
in  10  c.c.  8  per  cent  antiformin.  (2)  Neutralize  by  careful  addition  of 
5  per  cent  suljshuric  acid.  (3)  Filter  through  paper  and  through  a 
Berkefeld  candle. 

BlO-733  TEST.— (1)  Place  undiluted  test  serum  in  the  T.T.  (2) 
Add  an  equal  vol.  of  dilution  of  antigen  (BIO'731)  without  mixing  the 
fluids.  (3)  Keep  30  min.  at  370.  (4)  Examine  for  the  occurrence  of 
precipitation.  (5)  Place  overnight  in  the  ice  chest.  (6.)  Note  the  T.T. 
in  which  precipitation  has  taken  place  and  its  amount. 

BlO-734.— (1)  Place  1  c.c.  filtrate  in  a  small  T.T.  (2)  Add  with  a 
capillary  jjipette,  1  c.c.  test  serum  to  form  a  layer  below  the  antigen  sol. 
(B10*732).  (3)  Observe  the  formation'  of  a  ring  precij^itate  at  the 
interface  between  the  2  fluids. 

Notes.—*  Should  occur  immediately  or  at  least  witliin  15  min. 

BlO-74  TUBERCULOSIS.! 

Notes. — *  The  test  has  not  proved  satisfactory. 

BlO-75  B.  ANTHRACIS:  BlO-751  ANTIGEN.— (1)  Use  spleen 
pulp  for  test.  (2)  Triturate  in  a  mortar.  (3)  Extract  2  grm.  pulp  5  hr. 
at  R.T.  with  10  c.c.  chloroform.  (4)  Pipette  off  the  S.N.F.  (5)  Extract 
the  deposit  with  7  or  8  c.c.  0-8.5  S.S.S.  2  hr.  at  R.T.  (C)  Filter  clear 
through  paper. 

BlO-752  ANTIGEN  '—(1)  Use  spleen  pulp2  for  test.  (2)  Make  a 
suspension  in  7  to  8  vol.  of  0-85  S.S.S.  (3)  Boil  for  some  time'.  (4) 
Filter  through  paper  or  a  Berkefeld  candle.  (5)  Test  the  filtrate  when 
cold  by  the  precipitin  test  against  specific  anthrax  serum. 

Notes. — 'Thermoprecipitia  test.     'Blood  Will  serve  the  purpose 
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BlO-753  ANTIGEN.— (1)  '^'>'l  Mi«  test  blood  or  tissue  3  miii.  in  8 
V..I.  u,s.-,  S.SS.  ...utaiiiiiifj  1-KX)0  acetic  acid.  (2)  Allow  to  cool. 
(:$)  Filter  through  |).i|>t'r  or  a-ibisto.s.  (t)  Us(>  in  tluMinoprciiiutiu 
test. 

BlO-754    TEST.— (1)   Plice     .some   drops   of    clear     aiitineii    sol. 

tBlO-751,  BlO-752)   in  a  small  T.T.     (-J)  Pas.s  the  antiserum  with  a 

lapiiiarv  pipette  to  form  a  layer  umler  the  antigen.     (."$)  Watch  for  the 

fiirinatiou  of  a  ring  precipitate'  at  the  interface  of  the  "2  Huids. 

N»t«t.— 'This  pro-i|)itate  slioulJ  appear  iiuiucdiately  with  anthrax  material, 
and  uot  witliiii  I.J  iiiiri.  if  thi'  iiLitorial  is  not  anthrax. 

B10"76    MENINGOCOCCUS.— (1)    Centrifuge    cerebrospinal    fluid. 

(2)  Add  1  drop  of  anti-serum  to  75  drops  of  the  cerebrospinal 
fluid.  {^^)  Leave  10  hr.  at  521'.  (I)  Watch  for  the  formation  of  a 
precipitate. 

BlO-77  B.  DIPHTHERI/E_  ANTITOXIN  STANDARDIZATION  : 
BlO-771  ANTIGEN.  —  ,!)  S.ninate  tiltrate  of  cultiir.-- .>f  1',.  .iiphtlieriic 
with  stxl.  sulphate.  (2)  Dry  the  ])recij)itate  (';;  yorxo  over  sulphuric  acid 
or  calc.  chloride.  (3)  Prepare': ^dried  precipitate  08;  D.W.  Id.  (I) 
Prepare  :  -toxin  sol.  1  ;  10  per  cent  neutral  meltetl  gelatin  1.  (.j)  Dis- 
tribute in  T.T.  in  quantities  of  1  c.c.     (G)  Allow  to  set. 

NotaS.  — '  The  resulting  fluid  should  kill  a  large  Q.P.  .suhcutancously  in  a  duae  of 
l-80Oth  c.c. 

BIO'772  TEST.— (1)  Add  to  the  T.T.  containing  to.xin  gelatin  nii.\- 

ture  1  c.c.  antitoxin  in  dilutions  1-211,  od 2U(l.     (2)   Keep  2  hr. 

at    R.T.     (3)   Read.' 

NotM.  — '  A.  bluish  white  riii;;  precipitate  appears  above  the  interface  belwceu 
gelatin    and  serum. 

BlO-78  B.  TETANI  ANTITOXIN  STANDARDIZATION,  -i  1)  Pro- 

r I   as    ill   th.'   c;l f    H.   ,ll|.|,Tlir|l;..    (BIO^/). 

BlO-8  PRECIPITIN  ACTION:  BlOSl  ECHINOCOCCUS.  (1) 
.Set  up  a  series  of  2  T.T.  containing  1  vol.  echinococcus  cyst  fluid.  (2) 
Introduce  1  vol.  of  test  serum  beneath  the  antigen  lliiiil  with  a  pipette. 

(3)  Keej)  I  lir.  at  10  to  42('.  (1)  Examine  for  a  ring  precijiitate  at  the 
interface  (»f  the   2  tlniils. 

BlO-82  BLOOD  AND  SERUM  STAINS  :  BlO-821  ANTIGEN.— 
(1)  E.xtract.  wiilioiit  >hakiii|.',  pieces  of  stained  cloth.'  paper,  etc.,  wilh 
OST}  S.S.S.  (2)  K.xtract  at  the  same  time  an  unstaiiu'd  jiorl  ion  as  control. 
(3)  Continue  the  e.\tracti(»ii  with  tl'85  S.S.S.  until  a  sii||i<ieiii.  .pmnfity' 
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of  the  biispectcil  niateiial  lias  been  dissolved  out.  (1)  Filter  the  extract 
if  turbid  through  bard  tilter  j)aper.  (5)  Centrifugalize,  if  necessary,  to 
clear. 

Notes. — 'If  the  staiu  material  cannot  be  immersed,  the  encrustation  may  be 
scraped  off  and  extracted  with  085  S.S.S.  ^The  length  of  time  of  the  extraction  depends 
on  the  solubility  of  the  test  material.  If  the  cxtiaction  is  to  be  kei)t  up  for  n.orc  than  an 
hour  it  should  be  carried  out  in  the  ice  chest,  and  a  little  chloroform  added  as  preserva- 
tive. Old  specimens  may  have  to  remain  soaking  for  24  hr.  or  longer.  The  passage 
of  protein  into  sol.  is  demonstrated,  if  bubbles  made  by  blowing  into  the  extracting  fluid 
tend  to  persist  foam  test.  Another  test  for  sol.  is  the  appearance  of  cloudiness  on 
heating  2  c. c.  of  extract  and  adding  1  drop  of  25  per  cent  nitric  acid.  Only  a  dilute  sol. 
1-lOUO  of  protein  is  required  for  the  test.  E.xtracts  of  blood  staiu  usually  require 
dilution  to  this  strength.  The  dilution  is  taken  to  be  1-1000,  when  the  nitric  acid  heat 
test  only  just  causes  a  faint  opalescence.  Comparative  foam  tests,  known  blood 
dilutions  being  used  as  the  standard,  also  help  to  fix  the  strength  of  an  extract.  A  1-1000 
dilution  of  blood  is  practically  colourless  by  transmitted  light.  The  extracts  should  be 
water  clear.  If  they  are  turbid,  they  must  be  rendered  clear  by  filtration  or  centrifugali- 
zation.  The  extract  must  not  be  either  strongly  acid  or  alkaline  to  litmus.  In  some 
cases  it  is  wise  to  tease  the  material  on  which  the  suspected  stain  is  found,  and 
single  threads  in  the  substance  may  show  blood  which  has  been  washed  away  from 
the  bulk  of  the  material. 

BlO-822  ANTIGEN.— (1)  Use  antigen  A3-418  <v  A3-419. 

BIO'823  ANTI-SERUM  STANDARDIZATION.— ;i)  Set  up  a  series 

of  small  T.T.  each  containing  0-5  c.c.  1-500,  1000,  1500,  2000 

antigenic  serum.  (2)  Introduce  O'l  c.c.  anti-serum  by  means  of  a  capil- 
lary pipette  to  the  bottom  of  each  T.T.  (3)  Examine  the  T.T.  for  the 
occurrence  of  a  ring  precipitate.  (4)  Determine^  the  highest  dilution 
of  the  antigenic  serum  which  gives  a  ring  precipitate  with  the  anti-serum 
within  15   min. 

Notes. — '  If  the  dilution  of  antigen  serum  is  at  least  l-lOOO,  the  anti-serum  is  suffi- 
ciently potent  for  the  test.  When  fowl  anti-sera  are  used  the  salt  sol.  used  should  be 
1-8  per  cent  to  avoid  non-specific  reactions.  The  anti-serum  should  give  no  precipitate 
with  other  antigens  or  only  in  very  low  dilutions  of  the  latter.  A  somewhat  higher 
dilution  may  be  permissible  in  the  case  of  group  antigen.  No  precipitate  should  be  given 
with  0'85  S.S.S.     The  anti-serum  should  be  perfectly  clear. 

BlO-824  TEST.— (I)  Prove  the  stain  to  be  blooc'.i  (2)  Set  up  a 
first  row  of  6  small  T.T.  containing  0-1  c.c.  anti-human  rabbit  serum. 
(3)  Add  to  each  T.T.  in  order  1-5  c.c.  extracts  of  known  human  blood 
stain,  known  ox  blood  stain,  known  horse  blood  stain,  known  sheep  blood 
stain,  known  pig  blood  stain,  and  the  test  blood  stain.  (4)  Set  up  a 
second  row  of  4  small  T.T.  containing  in  order  O'l  c.c.  normal  rabbit 
serum,  anti-ox  rabbit  serum,  anti-sheep  rabbit  serum,  and  anti-pigrabbit 
§erum.     (5)  Add  to  each  T.T.  of  the  second  row  0'5  c.c.  extract  of  tes 
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blooti  stain.  (<i)  Keep  at  H.  T.  (7)  Exuiuiiu-  after  15  niin.-  ami  after 
t>0  mill. 

Notes.  -'Tbe  prwipitin  reaction  roveaU  the  presence  not  merely  of  blood  but  of 
any  speoiric  albuminous  substance,  such  as  mucus,  pus,  semen,  milk  or  albuminous  urine. 
The  necessity  then  of  proving  the  test  stain  to  be  due  to  blood  is  obvious.  'Any  precipi- 
tate that  develops  later  than  30  min.  is  not  admitted  as  having  forensic  significance. 

BlO-83  BLOOD  SERUM.— 10'831.—(1)  Set  upa  serie.s  of  small  T.T. 

r<>>'-iiiin'j  J  I.e.  of  iu(  rca-ini.'  tlilutioiisof  serum  antigen.'  (2)  Allow 
0- 1  c".  aTiti-s-rum-  slowly  to  run  downi  the  side  of  each  T.T.  (3)  Keep  at 
R.T.     (i)  R°ad  ft  intervals  of  5  min.     (5)  Set  up  controls. 

NotM.— 'Id  Ih?  cise  of  a  blood  stain  the  place  of  the  serum  antigen  would  bo 
taken  by  an  extract  of  blood  stain  in  0-85  S.S.S.  'In  forensic  work  the  anti-serum  must 
besuchthat  I  part  added  to  2U  parts  of  1-1000  serum  antigen  causes  at  the  point  of 
contact  a  cluiidiness  to  appear  immediately  or  at  least  within  1  or  2  min. 

BIO'832. — (1)  Prepare  antigen  serum  1  ;  10  per  cent  neutral  gelatin 
ill  0  .s j  .S.,>^.<,,  1.  (2)  Distribute  in  quantities  of  1  c.c.  in  T.T.  (.3)  A('d 
to  the  gelatin  antigen  mi.\ture  1  c.c.  anti-serum  in  a  series  of  dilutions. 
(4)  Observe  the  precipitate  above  the  interface  between  antigen  and 
anti-serum. 

BlO-84  MEAT  :  BlO-841  ANTIGEN.— (1)  Remove  test  material 
for  e.\aminatio:i  fn,iu  the  deeper  parts  of  the  specimen  to  be  examined 
with  a  sterile  knife.  (2)  ilince  finely.  (3)  Weigh  out  a  quantity  of  the 
minced  material.  (4)  Cover' with  2  c.c.  085  S.S.S.  per  grm.  (5)  Keep 
0  h".  at  R.T.  or  overnight  in  the  ice  chest,  with  occasional  shaking,  (fj) 
Te.".*  by  foam  test  (BIO'8212)  for  sufficiency  of  extraction.  (7)  Filter 
through  a  hard  filter  papoi-  wetted  with  0-85  S.S.S.  (8)  Determine  the 
('ilution  required  to  give  sol.  of  protein  of  about  1-.500,  1-1000  and  1-1500 
by  the  heat  and  nitric  acid  test  (BIO'8212).  (9)  Test  the  reaction  with 
litmu.".  paper,  and,  if  acid,  neutralize  very  carefully  with  N-10  sod. 
hydroxide.  (10)  Prepare  extracts  of  the  .same  strength  from  known  meat 
material,  for  comparison  as    controls  with  the  test  material. 

Notts.  -'-•^  preliminary  treatment  by  extraction  for  18  hr.  with  a  mixture  of  equal 
Vol.  i>f  chloroform  and  ether,  before  proceeding  to  the  extraction  of  the  residue  with  0"86 
S.S.S.  may  be  necessary.  'If  the  filtrate  be  not  perfectly  clear,  and  especially  if  the 
test  material  is  fat,  or  salt,  it  may  be  necessar}-  to  pass  the  filtrate  through  a  Berkcfcld 
candle. 

BlO-842  ANTI-SERUM. -(1)  Prepare  the  various  testing  anti-sera 
b  inoculation  of  rabbits  intravenously  with  the  .serum'  of  the  suitable 
species  of  rninial. 

Notts.     'It  is  not  necefsarv  to  immunize  with  the  meat  extract  itself. 
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BlO-843  TEST.'— (1)  Set  up  1  small  T.T.  coiitaiiiiiig  2  c.c.  l-OOO, 
1,000,  5,000,  and  500,  respectively,  of  test  aiitifjeu  sol.  (B10"841).  (2) 
Add  to  each,  without  any  shaking,  01  c.c.  of  an  anti-serum,  such  as 
horse  or  other  species,  according  to  the  adulteration  suspected.  (3)  Set 
up  4  control  T.T.  Nos.  1  to  3  containing  2  c.c.  1-500  horse.  i)ig  and  ox 
extract,  respectively,  No.  4  containing  2  c.c.  0-85  S.S.S.  (4)  Add  to  each 
of  the  4  control  T.T.  O'l  c.c.  of  the  anti-serum  already  used.  (5)  Read 
at  R.T.  (fi)  Examine  for  a  ring  precipitate  at  the  interface  between  the 
two  fluids. 

NoieS.  -'The  test  is  mainl.vusedfor  the  cktection  of  adulteration  in  sausage  meat. 

BlO-9  WASSERMANN  REACTION.'— V.  also    B9'8. 

BlO-91  :  BlO-911  GLASSWARE.  (1)  Place  T.T.  and  pijiettes 
after  thorough  wasliing  to  soak  m  water  for  3  hr.  (2)  Wash  again  in 
water.  (3)  Place  to  soak  in  soda  sol.  (4)  Wash  in  weak  hydrochloric 
iicid  followed  by  water,  until  the  washings  show  no  acid  reaction.  (5) 
Place  to  soak  in  a  considerable  vol.  of  D.W.  ((>)  Allow  to  diain. 
(7)  Keep    30  min.  at  ISOC.  dry  heat. 

BlO-912  ERYTHROCYTES.    B  9-711.V. 

BlO-913  HEMOLYTIC  SERUM  STANDARDIZATION. '-(1)  Set 

up  y  small  T.T.  cimtauuug,  respectively,  (i-25  c.c.  l-2,(iOO,  b,(tOO,  4,000, 
5,000,  6,000,  7,000,  8,000,  9,000,  10,000  inactivated  rabbit  anti-sheep 
hsemolytic  serum.  (2)  Add  0-5  c.c.  1-4  dilution  5  per  cent  washed 
erythrocyte  suspension.  (3)  Add  to  each  T.T.  0-25  c.c.  1-10  fresh 
G.P.  complementing  serum.  (4)  Note  the  T.T.  containing  the  greatest 
dilution  of  hsemolytic  serum  in  which  there  is  complete  heemolvsis — 
the  Minimum  Htemolytic  Dilution  (M.H.D.). 

K'otes.  — *  F.  also-  B9-713.  The  standardization  need  not  be  done  oftener  than 
every  3  months.     The  tilre  bhould  not  be  less  than  1-lUOO. 

BlO-914     SENSITIZED      ERYTHROCYTE     SUSPENSION.- (1) 

Prepare  a  dilution  of  the  inactivated  haemolytic  serum  which  is  10  times 
as  strong  as  that  rejnesenting  the  M.H.D.  (2)  Add  this  dilution  in 
equal  vol.  to  a  5  per  cent    washed  erythrocyte  suspension  (B10*917\ 

BIO'915  COMPLEMENT.— Y.  B9-714. 

BlO-916  COMPLEMENT  STAKDAEEIZAIION.'-(I)  ^et  up  2 
rows  of  8  T.T.  each.  (-1)  i'repare  dilutions  1-20,  25,  30,  35,  40,  50,  60, 
80  of  fresh  comijlementing  G.P.  serum  with  0-85  S.S.S.  (3)  Add  0-25  c.c. 
1-80  dilution  of  serum  to  No.  1  T.T.  of  each  row%  0-25  c.c.  l-fiO  dilution 
to  No.  2  T.T.  of  each  row,  and  so  on  down  to  1-20  dilution.     (4)  Add 
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0-5  c.c.  085  S.S.S.  to  caoh  T.T.  of  the  fii-sl  row  aiul  (l-J;j  c.c.  0-85  S.S.S. 
to  each  T.T.  of  the  .-ecoiul  row.  (5)  Add  (V25c.c.  1-15  heart  extract 
chole.steriu  antigen  (B10*917)  to  eacli  T.T.  of  the  .second  row.  ((i)  Keep 
all  the  T.T.  30  niin.  at  K.T.  (7)  Keep  30  niin.  at  37C.  (H)  .\,l(l  to  eacJi 
T.T.  0'25  c.c.  2"5  per  cent  ^sensitized  erythrocyte  sii.s]HMi.sion.  (9)  Kee]) 
30  min.  at  37C.,  shaking  at  the  heginnini;  and  every  10  niin.  after.  (10) 
Note  the  T.T.  in  the  first  row  containing  the  greatest  dilution  of  coinple- 
nienting  serum  in  which  there  is  complete  liiiniolysis-  Mininnim 
ha?molytic  dilution  (M.H.D.).  (11)  Notealso  the  T.T.  in  tlie  second 
row  containing  the  greatest  dilution  of  serum  in  which  there  is  complete 
hseniolysis. 

Notes.  '  V.  also  B9'715.  Standardization  lias  to  he  earned  out  on  caeli  oeeasion 
of  teFt.  This  T.T.  should  be  the  one  containing  double  the  dose  of  coni|ilenieut  of  that 
T.T.  of  the  first  row  which  gives  the  M.H.D.  If  this  T.T.  does  not  show  complete 
hicniolvsis  then  the  complementing  serum  should  be  rejected.  A  serum  with  minimum 
h;eniolytic  dilution  less  than  1-30  should  be  rejected. 

BIO-917  ANTIGEN.  (1)  .Mince  finely  fat  free  ox  heart.  (_')  (iiind 
up  t  lie  lieart  material  with  fine  sand.  (3)  Add  by  degrees  9  c.c.  abs.  ale. 
IK^r  grin.  (4)  Shake  frequently  for  3  hr.  (5)  Keep  18  hr.  at  R.T.  ((i) 
Filter  through  filter  paper  which  has  been  washed  with  ether  and  allowed 
to  dry.  (7)  Keep  the  filtrate  Id.  at  R.T.  (8)  Keep  for  use  the  S.N.F. 
in  the  ice  chest.  (9)  Precipitate  and  dissolve  with  gentle  heat  : — choles- 
terin  1  ;  abs.  ale.  100.  (10)  Prepare  at  the  time  of  actual  test  : — heart 
extract  3  ;  ale.  cholesterin  .sol.  2.  (11)  Dilute  this  mi.xtuie  1-15  by  the 
rajiid  addition  of  0'85  S.S.S. 

BlO-918  TEST.'— (1)  Set  out  3  iows2of  small  T.T.  (J)  Add  025 
c.c.  i-u  inactivated  known  positive  serum  to  No.  1  T.T.  of  the  first  row. 

(3)  AddO"25c.c.  1-5  inactivated  test  sera  to  each  of  Nos.  2,  3,  1 T.T. 

of  the  first  row.  (4)  Add  025  c.c.  1-5  inactivated  known  normal  serum 
to  the  last  T.T.  of  the  first  row.  (5)  Make  a  dilution  of  the  complementing 
serum  which  is  3  times  as  strong  as  that  representing  the  M.ll.D.  (0)  Add 
0-25c.c.  of  this  dilution  to  each  T.T.  of  the  first  and  third  rows.  (7)  Make 
a  dilution  of  the  complementing  serum  which  is  5  times  as  strong  as  that 
repre.senting  the  M.H.D.  (8)  Add0-25c.  c.  of  this  dilution  to  each  T.T. 
of  the  second  row.  (9)  Add  025  c.  c.  1-15  heart  extract  cholesterin 
antigen  to  each  T.T.  of  the  first  and  second  rows  and  0'25  c.c.  ((•85  S.S.S. 
toeachT.T.of  the  third  row.  (10)  Keep  30  min.  at  R.T.  (ll)Keep 
30  miji.  at  37t'.  (12)  Add  to  each  T.T.  of  all  three  rows  025  c.c. 
sensitized  erythrocyte  suspension.    (13)  Shake  to  mix.  (14)  Keep  at  37C. 


326  Bacteriological  and  Laboratory  Technique. 

(15)  Shake  after  15  mm.  to  mix.  (16)  Watch  the  third  row  T.T.  and  note 
for  re-test'  if  in  any  case  the  haemolysis  in  any  T.T.  lags  behind  that 
of  others  in  the  row.  (17)  Watch  the  last  T.T.  in  each  row  for  the 
occurrence  of  haemolysis.  (18)  Remove  the  T.T.  from  the  water  bath 
10  min.  after  haemolysis  is  complete  in  the  last  T.T.  of  the  first 
row.  (19)  Keep  1  hr.  in  a  water  bath  containing  ice.  (20)  Read  the 
results. 

Notes. — '  other  methods  of  test  involve  quantitative  variations  in  the  quantities 
of  heart  extract  cholesterin  antigen,  or  in  the  quantities  of  the  sera,  or  in  the  quantities 
of  complement.  ^A  fourth  row  of  control  T.T.  may  be  used  to  test  whether  any 
deterioration  of  complement  dilution  has  occurred  on  standing.  'Where  any  third  row 
T.T.  shows  lag,  the  test  should  be  repeated  for  the  serum  in  question,  unless  there  is 
haimolysis  in  the  corresponding  T.T.  of  the  first  row  showing  that  the  reaction  is 
negative. 

BlO-92:    BlO-921  ANTIGEN.— r    A3-614-A6-15      ale.  fo'uble 

acetone-insoluble    antigen. 

B10*922  ANTIGEN.— (1)  Grind  up  finely  the  liver  of  a  congenitally 
syphilitic  child.  (2)  Spread  thinly  in  Petri  dishes.  (3)  Dry  in  vacuo 
over  sulphuric  acid  or  calc.  chloride.  (4)  Prepare  : — antigen  powder 
20  grm.  ;  ale.  100  c.c.  (5)  Keep  \Sd.  at  R.T.  (6)  Add  25  c.c.  more  ale. 
(7)  Use  in  test. 

B10"923  ANTIGEN.— (1)  Grind  up  in  a  mortar  with  broken  glass 
20  grm.  fat  free  bullock's  heart.  (2)  Add  5  c.c.  abs.  ale,  and  0'5  c.c. 
1  per  cent  cholesterin  in  abs.  ale,  for  each  grm.  of  heart.  (3)  Place  the 
entire  contents  of  the    mortar  in  a  sterile  flask  and  apply  a  rubber  cap. 

(4)  Keep  24  hr.  at  37C.  (5)  Shake  up.  (6)  Filter  through  2  thick- 
nesses of  filter  paper  into  small  bottles.  (7)  Allow  to  stand^  48  hr.  (8) 
Use  the  S.N.F.  as  antigen. 

Notes. — ^A  fine  flocculent  precipitate  settles  to  the  bottom. 

BlO-924  ANTIGEN  STANDARDIZATION,'  ANTICOMPLE- 
MENTARY.—(1)  Dilute  by  slow  addition  the  antigen  extract  (A3'614) 
1-10  with  0-85  S.S.S.  (2)  Set  up  a  series  of  8  small  T.T.  containing  0-2, 
0-4,  0-6,  0-8,  1,  1-2,  1-5  and  2  c.c.  of  1-10  antigen!  (.3^  Add  1  c.c.  1-20 
complementing  serum.     (4)  Bring  the  total  vol.  in  the  T.T.  up  to  3  c.c. 

(5)  Set  up  controls.2  (6)  Shake  gently  to  mix.  (7)  Keep  1  hr.  at  37C. 
(8)  Add  to  each  T.T.  1  c.c.  2'5  per  cent  washed  sheep  erythrocytes 
(B9-711)  and  2  M.H.D.  (B9-713,  BlO-913)  of  hsemolytic  serum.  (9) 
Shake  gently  to  mix.  (10)  Keep  90  min.  at  37C.  (11)  Make  the  first 
reading.     (12)  Keep  overnight  in  the  ice  chest.     (13)  Determine  the 
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anti-coiuplemeutary  unit.'  (H)  Use  the  1-10  antigen  in  test  in  an 
amount  equal  to   l-4th  the   anti-complementary  unit. 

NotM.— *  V.  also  B9'71$.  'Xo.  1  control  T.T.  containing  erythrocyte  mixpenBion, 
complemont,  ami  ha?molytic  serum;  No.  2  control  containing  erythrocyte  HUspenRion 
0-2  c.c.  inactivated  test  scrum,  complement  and  hiemolytic  serum— to  show  that  the 
test  .serum  itself  is  not  anti-complementary.  The  least  nnn.unt  of  antigen  which 
shiiws  conimencinc  inhibition  of  h.'pmolysi-  =  tlie  anti-coniplemriitary  unit, 

BlO-925        ANTIGEN       STANDARDIZATION         ANTIGENIC 

POWER.  -(1)  I'ondiict  tiiis  staiiilanlizatidii  in  a  similar  manner  to  tlie 
anti-complementary  (BIO'924)  but  with  the  ai'dition  of  02  c.c.  inacti- 
vate*' known  poi^itive  syphilitic  ^.erum  to  the  components  of  the  mixtures. 
(2)  Determine  that  amount  of  antigen  wiiicii  just  shows  complete 
inhibition  of  ha>moly.sis.  (3)  Use  3  times  this  amount  in  th(>  test  if  this 
quantity  is  less  than  l-4th  the  anti-complementary  unit  {B10"9243). 

BlO-926  TEST.— (1)  Set  up  8  small  T.T.  (2)  Add  to  Nos.  1  to  7  T.T. 
the  appropriate'  dose  of  antigen.  (3)  Add  to  Nos.  1  to  8  T.T.  Q-l,  0-2, 
04,  06, 08, 1,  2,  and  2  c.c.  inactivated  1-10  dilution  of  test  serum,  or  the 
same  quantities  of  cerebro-spinal  fluid  fresh  and  undiluted.  (4)  Add  1  c.c. 
1-20  fresh  G.P.  complementing  serum  to  each  T.T.  (o)  Bring  the  total 
vol.  in  the  T.T.  up  to  3  c.c.  (6)  Set  up  controls  of  known  normal  and 
positive  sera,  of  the  complementing  .serum,  of  the  antigen  extract,  and 
of  the  er}-throc\-te  suspension.  (7)  Shake  gently  to  nii.x.  (8)  Keep  all 
the  T.T.  1  hr.  at  37C.  (9)  Add  2  M.H.D.  (B9-713,  BIO'913)  of  inac- 
tivated hsemolytic  serum  and  1  c.c.  2"5  per  cent  suspension  washed  sheep 
erythroc}'tes  to  all  T.T.  except  that  representing  the  erythrocyte 
suspension  control.  (10)  Keep  60  min.  or  longer  at  37C.  according  to 
the  results  given  by  the  control  T.T. 

Nottl.— '  V.  BIO'924  and  810*926.  The  quantity  of  antigen  which  ia  3  times  the 
antigenic  unit  and  at  the  same  time  not  more  than  l-4th  the  anti-complementary  unit 
18  an  appropriate  amount. 

BlO-927  TEST.— (1)  Set  up  8  small  T.T.  containing  0-1  c.c.  in- 
activated test  serum,  (2)  Add  to  Nos.  1  to  G  T.T.  the  appropriate* 
dose  of  antigen  ejctract  and  2,  3,  4,  5,  6,  and  8  M.H.D.  (B9-715)  of 
complementing  serum,  respectively.  (3)  A('d  1  M.H.D.  {B9'713, 
BIO'913)  of  haemolj'tic  serum  and  05  c.c.  washed  sheep  erythrocj'tes  to 
each  T.T.  (4)  Keep  1  hr.  at  37C.  (5)  Read.  (C)  Place  in  the  ice 
chest    overnight.     (7)  Read    agair. 

Notts.—'  V.  BIO'924  and  BIO'925.  The  quantity  of  antigen  which  i«  3  tlmc»  the 
antigenic  unit  anrl  at  the  r^anie  time  not  more  than  l-4th  the  anti-complementary  unit 
ii  kn  appropriate  amount. 
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B10*93.— ;1)  Set-  up  2  small  T.T.  coiitamiug  O'l  c.c}  test  serum 
wliuh  must  not  bo  nuin-  than  1<S  lir.  old.  (2)  Add  to  No.  ]  T.T.  ()■]  c.c. 
antierpn.2  (:i)  Make  up  the  total  vol.  in  each  T.T.  to  l-;',r.r.  with  0-85 
S.S.S.  (I)  Keej)  :;n  min.  at  37('.  (5)  Add  to  both  T.T.  n-1  c.e.  10  per 
cent  washed  human  erythrocytes  and  1  M.H.D.  {B9*713,  B10"913) 
hsemolytic  serum  in  a  vol.  of  O^l  c.c.  (6)  Shake  carefully  to  nii.\.  (7) 
Keep  30  min.  at  37C.,  shaking  the  T.T.  at  10  min.  intervals.  (8)  Keep 
30  min.  at  R.T.  (9)  Read  the  result.  (10)  A(]d  another  M.H.D.  hfemo- 
lytic  serum  to  both  T.T.,  if  lisemolysis  is  incomplete  in  the  control  T.T. 
and  keep  as  before  30  min.  at  37C.  (11)  Repeat  the  test  from  the  begin- 
ning with  the  dihition  of  0"1  c.c.  fresh  known  normal  human  serum  as 
complement,  if  the  haemolysis  .should  again  be  incomplete.  (12)  Set  up 
controls  throughout  of  pairs  of  T.T.  for  laiown  positive  and  known 
normal    sera. 

Notes.-  'If  inactivated  .serum  is  used  in  the  test  instead  of  fresh  active  seium  » 
the  dose  is  0'2  c.c.  If  cerebro-spinal  fluid  is  used,  the  dose  isO'5  c.c.  In  both  these 
cases  it  is  necessary  to  add  01  c.c.  known  normal  fresh  human  serum  as  complement. 
-A  1-10  suspension  in  0'85  S.S.S.  of  the  acetone-insoluble  fraction  of  tissue  lipoid 
I  A3'614,  A3'615)   dissolved  in  pure  methyl  ale.  in  the  proportion  of  3  per  cent. 

BIO'94 — J)  Set  up  14  small  T.T.  containing  0^1  c.c.  frefh  unheated 
test  serum.  (2)  Add  to  Nos.  1  to  10  T.T.  in  order  1,  0-9,  0-8,  0-7,  0-6, 
0-5,  0-4,  0-3,  0-2  and  O'l  c.c.  of  0-85  S.S.S.  (3)  Add  to  Nos.  1  to  10  T.T. 
in  the  same  order  01,  0-2,  0-3,  0-4,  0-5,  0-6,  07,  0-8,  0-9  and  1  c.c.  5  per 
cent  suspension  sheep's  erythrocytes.  (4)  Keep  Nos.  1  to  10  T.T.  30 
min.  at  37C.  (5)  Read  the  haemolyticindex.^  (6)  Add  to  Nos.  11  to  13 
T.T.  the  proper  amount  ^  of  sheep  erythrocyte  suspension  together  with 
increasing  strengths  of  antigen.^  (7)  Add  to  No.  14  T.T.  sheep  erythro- 
cytes, without  antigen.     (8)  Keep  30  min.  at  37C.     (9)  Read. 

Notes. — '  The  T.T.  which  last  shows  complete  hsemolysis  gives  the  haemolytic 
index  in  terms  of  amount  of  erythrocyte  suspension  dissolved.  ^Dependent  on  the 
hEemolytic  index.  If  the  index  is  O'l  to  0'4  c.c.  add  0-1  c.c.  sheep  erythrocyte 
suspension  ;  0'5to0-7  c.c.  add  0'15  sheep  erythrocyte  suspension  ;  1  to  1'5  c.c.  add  0'25 
c.c;  1'8  to  2c.c.  addO'35  c.c.  'If  the  amount  of  complement  or  natural  anti-sheep 
liamolysin  is  very  low,  add  the  proper  amount  of  fresh  G.P.  complementing  serum  or 
rabbit  anti-sheep  scrum. 

BlO-95:  BlO-951  ANTIGEN.— (1)  Is-    A  3*613. 

B10*952  TEST. — ll)  Prepare  ;— test  or  control  fresh  scium  1; 
anti"en  4.  (2)  Keep  1  hr.at  37C.  (3)  Add  5  per  cent  shee}}  erythrocyte 
suspension  1.  (4)  Mix.  (5)  Keep  1  hr.  at  37C.  (6)  Read  results  of 
action  of  test  and  of  control  sera. 
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BIO'96.— ;  1 )  Adtl  1  cc  tt  St  blootl  to  :\  im-.  amiiioii.  (.xulatc  Mil.  ami 
mix  iimiiediatoly.  (2)  Set  up  1  T.T.  containing  17,  IG,  15.  ami  18(lroi)s 
oxalated  blood.  ('\)  Add  to  No.s.  1,2  and  3  T.T.  1.  2  and  3  drops  antigen. 
(4)  Keep  1.")  inin.  at  'Mi'.  ("))  Add  1  dro|)  inactivated  antiliunian  raldiit 
haeniolytic  serum'.'  (<>)  Keejmt  '.ilV.  until  the  controls  show  hivniolvsis. 
(7)  Read. 

Notts. — 'The  test  may  be  rendcrcil  more  delicate  by  i-tandardiratuin  of  llir  I  a  ii  uly 
tic  scrum. 
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B8-415,   B8'416,   B8-4431,    B8-4451— RAT  B8-4431, 

B8-4451— SERUM    B8-411,     B8-414     to     B8-418— 

WITHOUT       ANTISERUM       B8-44— WITHOUT 

SENSITIZATION  B8'44. 

ANAPHYLAXIA.- AGAR    B8-44n,  B8-445— BACTERIAL  B8-42ol,   B8-43,  B8-44I1, 

B8-442— CON.JUNCTIVAL     B8'46,     B8-477,     B8-491,  B8-531— 

CUTANEOUS      B8-45,    B8-47,     B8-481,     B8-492.  B8-511,  B8-52, 

B8-533,    B8'541,     B8-915— NASAL      B8-478— PASSIVE     B8-42 

—PEPTONE     B8-4411,     B8-443,      B8-444— POLLEN     B8-63— 

URETHRAL    B8-479— VAGINAL     B8-479— WITHOUTT     Al^Tl- 

SERUM  B8-44.— WITHOUT  SENSITIZATION    B8'44. 

(     330    ) 
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B.  ANTHRACIS.— AGUl.VTlKATlON  US-24— ANTIENLUIUXIN  H»-7J— ANTl 
l;KX  1510-7.-.1  TO  HlO-753-tOMl'LEMENT  FIXATION  BU-7ail 
—  I'KELU'ITIN  TKST  BlU-7o4. 

ANTIANAPHYLAXIA  — V.  DESENSITIZATION. 

ANTIBACTERIAL  ACTION.— SEUIM  B8-7. 

ANTI  COMPLEMENTARY.— iJTAXUAKDlZATlON      ANTUiEN       lJluyj4— I'MT 

ANTIENDOTOXIC  ACTION.— 15.  ANTHKACIS  B8-75— V.  CHOLER.E  BS71— B. 
UYSENTEKI-E  SHIGA  B8-72— .MENINGOCOCCUS 
B8-74— SERUM  B8-7— STANDARDIZATION 

B8-— B.      TYPHOSUS       B8-73— UNIT       B8-724 
B8.731. 

ANTIGEN.— ABSORPTION  TEST  B8-311— ACUTE  POLIOMYELITIS  B9-744— 
AGGLUTINATION  B8I11,  B8121,  B8131,  B8-31 1— B.  ANTHRACIS 
B8-24,  B10-7ol  to  BlO-753— BACTERIAL  BlO-511,  BIU-5I2. 
BI0-71I  TO  BI0-7I4— BACTERIAL  H.EMOLYSIN  B8-812— 
BACTERIOLYTIC  TEST  B9-4I1,  B9-412— BLOOD  MAIN  BlO-821— 
CANCER  B9S11,  B9-812,  BI0ol3,  B10-5I4— CHOLESTERINIZED 
BlO-3312,  BIO-391— DANGEROUS  ORGANISMS  B100112— DILU- 
TION  B9-32I— B.  DIPHTHERIA  BIO-771— DOURINE  B9-74I— 
ECHLNOCOCCUS  B9-743— ERYTHROCYTE  B9-7I1,  B9-721  to  B9-720 
—FLESH.  B9-01,  BlO-841— FORMALIXIZED  B811I1,  B8131 
— GOXOCOCCUS  B817I1,  B9-732  to  By-734— HYDATID  CYST 
B9-743— SP.  ICTEROH.E.MORRHAGI.E  B8-2UI— INAGGLUTIN- 
ABLE  B8I7— B.  MALLEI  B8-23,  B8-730,  B8-737,  BlO-731,  BlO-732— 
MEAT  B9-7t)l,  B10-84I— MEIOSTAGMIN  TEST  BlOol,  BlOBl 
—MENINGOCOCCUS  B818.  B8-741,  B9-735,  BI0-7(>— OPSONIC 
ACTION  BIO-61— SP.  PALLIDA  B8-25,  B8-541— PNEUMOCOCCUS 
B8-171I,  B8-2I,  BIU(il3,  BlO-721  to  BlO-723— PNEUMOCOCCUS 
SPUTU.\1  10-721  to  BIO-723— pollen  B8o3— PRESERVATION 
B81II— SACHS  GEORGI  TE.ST  BlO-391— SAUSAGE  .MEAT  B9-7(i2 
— SPOROTHRIX  B8-28— STANDARDIZATION  B8132,  B8133, 
B9-322,  B9-71li,  BIO-52,  BlO-924,  BlO-925— STREPTOCOCCUS  B819 
—SUSPENSION  B8111,  B8121,  B8131— SYNTHETIC  CANCER 
BIU-5141— SYl-HIUTIC  HID.-)!.-,.  BlO-922— B.  TUBERCULOSIS  B8-22, 
B9-738,  BIOUU— UNIT  B9-7Iti7  — WASSERMANN  TEST  BIO-921 
to  BI0'J23. 
ANTIGENIC  POWER.— STANDARDIZATION  ANTIGEN  BlO-925. 
ANT  I  HEMOLYTIC  ACTION.— BACTERIAL     H.EMOLYSIN    B8-81— SERUM   B8-8 

—STANDARDIZATION  B8-8I22. 
ANTITOXIC  ACTION.— ABRIN  B8-97— B.  BOTULINUS  B8-93— CROTIN  B8-9711 
— B.  DIPHTHERI/E  B8-9— HAY  FEVER  B8-98— B. 
OJDEMATIENS  B8-96— RICIN  B8-9711— V.  SEKFIQUE 
BS^.')— SEKU.M  B8-9— STANDARDIZATION  B8-9,  Bl()-77 
—STANDARDIZATION  BEHRING  B8-912— STANDARDI- 
ZATION EHRLICH  B8-913— STANDARDIZATION 
RCEMER  B8-914— STANDARDIZATION  ROUX  B8-91J— 
B.   TETANI    B8-92— B.  WELCHU    B8-94. 
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ANTITOXIN.—  '..  ANTITOXIC     ACTIOX-UXIT    DIl'irTKKRlA   B8-0l:j.->— UNIT 

TETANU.S  Ji8-92I4. 
ANTITRYPTIC  ACTION.— CALCIFIKO   MIUv    MKTHOL)  B!»U-CA>EIN   ACEriG 
METHOD  !$!)•  II— GELATIN  LIQUEFAf'TIOX    METHOD 
B912.       B9I3— WRIGHT  B9U. 
ANTIVENIN  ACTION.— COBRA  VENOM  B9-2— SNAKE  VENOM    B9  2. 
BACTERIA.— AXAPHVLAXIA    B8-42r)l    1843,    B8-44II,    B8-442— COMPI.EMEXT 
FIXATION      B9-73— PRECIPITIN  ACTION      BIOTI- SPONTA- 

NEOUSLY  AGGLUTINABLE    B812II.      B813I2. 
BACTERICIDAL     ACTION.— COLONY     COUNT     METHOD     B93I —COMPLETE 

STERILIZATION  METHOD  B9-32. 
BACTERIOLYTIC    ACTION.— COMPLEMENT     Bniil— TEST     ANTIGEN     li!l-41l, 
B9-412— TEST     CHOLERA     159-4111,     li!)-4l:il.     l!!l-42 
—TEST  SERU.M  B9-4I3. 
BEH RING.— STANDARDIZATION  ANTITOXIN  B8-912. 
BIURET  TEST.— ALBUMIN  B101I5. 

BLOOD— COMPLEMENT       FIXATION      B9- 75— CULTURE      B8I 121— GROUPS 
B8-332I,    B10-422I— OXALATED  BIO'96— TRANSFUSION  TESTS    B8-33, 

BLOOD  SERUM  REACTIONS.— ABDERHALDEN  TEST  BlOl— ABSORPTION 
B8-31— AGGLUTINATION  B81— ANAPHYLAC 
TIC  B8-4,  B8-.5— ANTIANAPHYLACTIC  B8-6— 
ANTIBACTERIAL  B8-7— ANTIENDOTOXIC 

B8-7— ANTIH.EMOLYTIC  B8-8— ANTITOXIC 

B8-9— ANTITRYPTIC  B91— ANTIVENIN  B9-2  — 
BACTERICIDAL  ACTION  B9-3— BACTERIOLY- 
TIC ACTION  B9-4— COBRA  VENOM  REACTION 
B9o— COMPLEMENT  ACTION  B9-6— COMPLE 
MENT  FIXATION  ACTION  B9- 7— CYTOLYTIC 
ACTION  B9- 8— DIGESTIVE  ACTION  BlOl— 
EPIPHANIN  REACTION  BIO- 2— FERMENT 
ACTION  BlOl— FLOCCULATION  REACTION 
BlO-3— H.EUOI.YTIC  ACTION  BIO*— 

MEIOSTAGMIN  REACTION  BlOo— OPSONIC 
ACTION  BlO-6— PRECIPITIN  ACTION  BlO-7- 
BIO-8— TRANSFUSION  B8-33— TYPE,  SEROLO- 
GICAL B8-3201— WASSERMANN  REACTION 
BlOv". 

BLOOD  STAIN.— ANTIGEN  Bl-821— ANTISERA  STANDARDIZATION  B9-751— 
COMPLEMENT  FIXATION  TEST  B9-752— EXTRACT  BlO-821— 
PRECIPITIN  TEST  BIO- 824. 

B.    BOTULINUS.— ANTITOXIN    B8-93. 

BROWN  AND  IYENGAR.— TESTS  SY'PHILIS  B9-.'-,22,  BlO-31. 

BRUCK  TESTS.— SYPHILITIC  SERUM   BlO-32. 

BUTYRIC  ACID —TEST  SYPHILIS  BlO-371. 

CANCER.— ANTIGEN    B9-811,     B9-812.     BlO-513— COBRA  VENOM    REACTION 
B8-53— CYTOLYTIC  TEST  B9-81— DIAGNOSIS  B9110I,  B9-53,   B9-81. 

CASEIN.- ANTITRYPTIC  METHOD  B91 1— SOLUTION  B9112, 
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CAT.  - w  vnrvT.Arrir  sirurK  i?s-4i7. 

CEREBROSPINAL  MENINGITIS. -INTRACl'TANEOUS     TEST  HS-.^)II. 

V.  CHOLERIC.     AM  IKNDOIOXIX     USTI  — B.\rTKKlt»LYTlC      TESr     It'illll, 

1W4I:(1.    H'.V42- IM'EIl'FKK    I'HENOMKXON  Wilii. 
CHOLESTERIN.-WTK^EN^  UKlXli:!.  Blo:t!tl,  HIO  !)1T.   Hl(>!t2:!. 
COBRA  VENOM.— .XNTIVKNMN'     Bn-2— I'SYCHOREACrnoN     IW-.-,l  — KEA<-|•|ll\• 
.•      R!l-.-.— HE.VTION      CAXCER       BIV.W— RE\(TI(lN     SVI'II  ll,l,>< 
B9-52. 
B.  COLI. -ANTIGEN— COMPLEMEN'TFIX.XTIDX     B!|-:U  1— OI'.skNK;    AcriiiN 

I'.KltiUl. 
COMPLEMENT.— ACTION    SERU.M  B9C— BACTERIOLYTIO  B!)ti:!-ENn    IME    K 
B9til— '-IX.XTION  .\rTI()X    B!t-7,  BllCS  -HEMOLYTIC     H!»(12. 
B9-7U— MIPDLE        PIECE     159  (il— MINIMIM       lI.EMdLYTIC 
DO.SE    B9ti2.    B9-71.-.4— PRE.SERVATI()N      B9-727    to    B9-729— 
PROCURAL    B9-7I+— STANDARDIZ.VnoN       B9-7|-..     Blo91(,^ 
SPLITTING  B9(il. 
COMPLEMENT  FIXATION.— .\CTION     B9-7,     BIOS- ACUTE     POLIOMYELITIS 
B9-744— BACTERIA     39-7.1— BLOOD     B9-7.5— BLOOD 
STAIN  B9-751— DOURINE         B9-74I,        B9-742— 

ECHINOCOCCUS  B9-74.3— fiONOCOOCUS  B9-732  to 
B9-7.34— B.  MALLEI  B9-73li.  B9-7:t7— MEAT  B9-7li— 
MENINCOCOCCU.S  B9-7:!.-)— .SYPHILIS  BlO-9— TEST 
B9-717— B.  TUBERCULOSIS  B9-7:{8.  B9-7.19. 
CONJUNCTIVAL  TEST  HAY  FEVER  B8-.^):JI— HAY  FEVER  ANTITOXIN 
B8-532,  B8-98I— MINIMUM  REACTING  DOSE 
ANTIGEN  B8-.-)312— TUBERCULIN  B8-4774— 

TUBERCUL(JSI.S  B8-460I,  B8-477— TYPHOID  FEVER 
B8-4ni. 
CROTIN.— ANT1T(  t X IX    B8-97 1 1 . 
CUTANEOUS.— AX  A  PHYLAXI A    BS-4.5,    B8-47,      B8-481,    B8-.-,     BS-.-..'}3,     BS541, 

B8-9ir>— TE.STS  B8-4.50I,  B8-47. 
CUTANEOUS  TEST.- HAY    FEVER      B8-.')33— 1'.   PIRQUET      B8-4-|— SYPHILIS 
B8a4 1— TYPHOID  FEVER  B4  892 -TUBERCULOSIS  B8-47. 
B8-47I. 
CUTI-REACTION.— v.  AXAPHYLAXIA  CUTANEOUS,    AND  CUTANEOUS  TEST. 
CYTOLYTIC  ACTION.— CAXCER  SERUM     B9-8I 12— SERUM  B9-8. 
DESENSITIZATION.— IXTRAPERITOXEAL  B8ti3-IXTRAVEXOU.S  B8<i2. 

—ORAL     B8tW— RECTAL    B8(iti -SUBCUTAXEOCS   BSill. 
B8(i,32— SUBDURAL  B804. 
DIALYZING   SHELL.- IMPERMEABILITY  ALBUMIN  lilO  ll.'.-  I'EliMEABII.ITV 

PEI'HJXE  BlOlKi— PREPAK.VrioX  P.lo  114. 
DIGESTIVE   ACTION— SERUM   BlUI. 

B.    DIPHTHERI^E.- AXTIGEX   BIO-77l-AXTrroXIN  BS  91— ANTITo.XIX   IMI 
B8  913.J— IXTRACUTAXEOUS       TEST        B8-.-.2  -PRECIPITIN 
.STAXDARDIZATION   BlO-77— TOXIN  M.L.D.   B89i:i3. 
DOG.— ANAPHYLACTIC  SHOCK   B8-4I8.   BU-444. 

DOURINE.— .\NTIGEX       B9-74I,     B9-742— COMPLEMENT       I  I  \ Mln.V  -  If.i  711 . 
B9-74a 
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DREYER AGGLUTINATION  TEST  B8-13— AGGLUTININ  UNIT  B8-I335, 

DROP.— PIPETTE  MEASUREMENT  B8n24— UNIT  VOLUME  B8-1124. 
B.   DYSENTERI>E  SHIGA.— ANTIENDOTOXIN  B8-72. 

DYSENTERY.— ORGANISMS  AGGLUTINATION  B8-1128,  B8-1321.  B8-1332. 
ECHINOCOCCUS.— ANTIGEN  B9-743— COMPLEMENT  FIXATION    B9-743— PRE- 
CIPITIN TEST  BlO-81. 
EGG  WHITE.— ANAPHYLACTIC  SHOCK  B8-413. 
EHRLICH.— STANDARDIZATION  ANTI-TOXIN  B8-913. 
ENTERIC  FEVER.— V.  TYPHOID  FEVER. 

ERYTHROCYTE.— AGGLUTINATION  B8-33— ANAPHYLACTIC  SHOCK  B9-7121— 

ANTIGEN    B9-711,    B9-721     to      B9-726— GROUPS    B8-3321— 

H/EMOLYSIS   BlO-4— SUSPENSION  B9-7n,  B9-721  to  B9'726, 

B10-.  14— PRESERVATION  B9-721  to  B9-726. 

FERMENT      ACTION.— DIALYZING       SHELL     BlO-114— SERUM      BlO-lOOOl— 

SUBSTRATE,  PREPARATION  B10113. 
FLEMING.— WASSERMANN  TEST  BlO-95. 
FLESH.— ANTIGEN       B9-76I,      BIO-861  —  ANTISERUM       B9-7612,       BlO-842 — 

COMPLEMENT    FIXATION    B9-76— PRECIPITIN  TEST  BlO-84. 
FLOCCULATION  TEST.— SYPHILITIC  SERA  BIOS. 
FOAM  TEST.— PROTEIN  BlO-8212. 
FOCAL.— REACTION  B8-4701. 

FORMALIN.— ANTIGEN  B8-11I1,  B8-241,  B9-721,  B9-723,  B9-725 
GELATIN.— ANTITRYPTIC  METHOD  B912,  B9-13 
GLANDERS.— SUBCUTANEOUS  TEST  B8-481. 
GLASSWARE.— CLEANING  BlO-911. 

GONOCOCCUS —AGGLUTINATION      B81711— ANTIGEN     B8171],      B9-732    to 
B9-734,       BIO-6111— COMPLEMENT       FIXATION       B9-732     to 
B9-734— OPSONIC  ACTION  BlO-6111. 
GROUP.— AGGLUTININ  B81323— BLOOD  B8-3321— PRECIPITIN  B10-823I. 
GUINEA  PIG.— ANAPHYLACTIC   SHOCK  B8-411  to  B8-4I4,    B8-4431,   B8-4451— 

COMPLEMENT    B9-714. 
HiCMOLYSIN.— BACTERIAL  B8-8I2. 

H/EMOLYTIC  ACTION.— COMPLEMENT  B9-62— SERUM    BIO-4. 
H>EMOLYTIC  SERUM.— PRODUCTION    B8-6221,      B9-7I2— STANDARDIZATION 

B9-713,  BI0-4I,  BlO-913. 
HANGING  DROP.— AGGLUTINATION  B8-151. 

HAY     FEVER.— ANTITOXIN     B8-98— ANTITOXIN      TEST      B8-532,       B8-981— 
CONJUNCTIVAL  TEST     B8-531— CUTANEOUS     TEST       B8-533— 
MINIMUM  REACTING  DOSE  ANTIGEN    B8-5312. 
HECHT.— WASSERMANN  TEST  BlO-94. 

HERMANN  AND  PERUTZ  TEST.— SYPHILITIC  SERUM  BlO-33. 
HIGH  TITRE  SERA.— AGGLUTINATING  V.  AGGLUTINATION. 
HIRSCHFELD  AND  KLINGER  TEST.— SYPHILITIC  SERUM  BlO-34. 
HORSE  FLESH.— DETECTION  B9-762L 
HYDATID      CYST.— COMPLEMENT      FIXATION      B9-743— PRECIPITIN    TEST 

BlO-81. 
5P.  ICTEROH>CMORRHAGI>E.— AGGLUTINATION     B8-26— ANTIGEN    B8'261— 
COMPLEMRNTjFIXATION  B9-7311. 
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L.  ICTEROIDES.-AnOLlTlXATION   B.S-27. 

INTRACUTANEOUS     TEST.-  U.        DII'HTHERI.K        Hs:t-.2— MENINGOCOCCUS 
BS-.-il  I  -Tl'HERCULOSl.S       U8-473— TrBERCl'LOSIS 
ANIMAL  BS-474— PROTEIN   B8-45I 
ISOAGGLUTININ.— TEST  BSXJ.   BID  4221. 
I80H>€M0LYSIN.— TE."^T  BlO-4221. 
ISOLATION.^COl.dXIES  mwil 

JANSKY  ^CKOIP  SERA  ERYTHROCYTES  B8-3321. 
KLAUSNER  TEST.— SYPHILITIC  SERUM  BIO-35. 
L-f .— DOSE  B8-913T.  B8-9214. 
LO.— DOSE  BS-9137. 
LEUCOCYTE.— .SUSPENSION  BI(i(!2. 
MALIGNANT   DISEASE.— \.  CANCER. 

B.  MALLEI.— AGGLUTIN.\TI( IN    BS-23-8-23— ANTIGEN     B8-23  B9-73li,    B9-737, 
BlO-731,       BlO-732— I'OMPLE.MENT    FIXATION      B9-73(i,     B9-737— 
PRECIPITIN  TEST  B 10-733.  BlO-734. 
IWALLEIN.— SUBCUTANEOUS  ANIMAL  TEST.— B8-481. 
IIIIEAT.-.\NTIGEN   B9-7«l,    BlO-841— ANTISERUM  B9-7i;i2,    B 1 0-842— CO.\IPLE- 

MENT  FIXATION     B!)-7(i^-PRECIPITIN  TEST   BlO-84. 
IKEINICKE  TEST.— SYPHILITIC  SERUM  Blo-31). 
MEIOSTAGMIN  REACTION.— .sERUM  BlO-5. 

MENINGOCOCCUS.- .\GGLUTINATI()N         B81128.        BS-18— ANTIENDOTOXIN 
B874— ANTKiEN      B818,      B8-741,      B9-735— COMPLEMENT 
FI.XATION       B9-735— INTRACUTANEOUS       TEST      B8-511— 
TYPE   B8-321,  B8-322. 
METHYLENE  BLUE.— ALKALINE  B10-r.421. 

MILK.— -ANAPHYLACTIC  SHOCK   B8-412— ANTITRYPTIC  METHOD  B9-14. 
MINIMUM   H>tMOLYTIC  DOSE.  — BACTERHL  H.-E.MOLYSIN    B8-8I2— COMPLE 
MENT  B9-f.2.    B9-71.54.     BlonitJ— H.-EMOLYTIC 
SERUM     B9-7131.    B9-7134,     lil()-4l  l:i,  BlO-4122, 
BIO'913. 
MINIMUM   INHIBITING   DOSE.— ANTISERUM  B9-5713. 
MINIMUM     LETHAL     DOSE.— ANAPHYLAXIA    B8-4211  — DIPHTHERIA    TOXIN 

B89133-SNAKE  VENO.M   B9-222. 
MINIMUM  REACTING  DOSE.— HAY  FEVER  ANTIGEN  B8-53I2. 
MORO.- I'EKCLTANKiUS  TEST  B8-472. 
MOSS.— GROUPS  SEKA  ERYTHROCYTES  B8-.3321. 
MUCH.-PSVCHORE.\CTION  B9.31I. 
NASAL  TEST.— TUBERCULOSIS  B8-478. 

NINHYDRIN. -SERUM   TEST   BIOlOOl— TEST  PEPTONE    BIO  IKil. 
NOGUCHI.     TK>T    SVI'HILITIC  SERUM   BIO-37— WASSERMAN  TEST   BlO-93. 
B.  OEDEIVIATIENS.     ANTITOXIN   B8-9(>. 

OPHTHALMO  REACTION.  -ANAPHYLACi'IC  B8-4r,— HAY  FEVER  BS-.ISl  — 
HAY  FEVI  R  ANTITOXIN  B8-.")32.  B8-981  — 
\IINI\UM         REACT1N(;        DOSE  B8-5312— 

TU BER(  ULIN  B8-4774— TUBERCUL«JSIS 

158-4<i<»l,    B8-477— TYPH(»1D  FEVER   B8-491. 
OPSONIC— INDEX  B10-C418. 
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OPSONIC  ACTION.— BACTERIA  EASILY  DISINTEGRATED  B10-W3— SEIUI.M 
Blo-6— B.    TUBERCULOSIS    BlO-642. 

OXALATE.— BLOOD  BlO-96. 

SP.  PALLIDA.— AGGLUTINATION  B8-25— ANTIGEN  B8-25,  B«-5-H— ANTI- 
SERUM B8-25I— INTRACUTANEOUS  TEST    B8-541. 

PEPTONE.— ANAPHYLAXIA  B8-44U,  B8-443,  B8-444— PERMEABILITY 
DIALYZER  BlO-115. 

PERCUTANEOUS  TEST.— MORO  B8-472— TUBERCULOSIS    B8-47,    B8-472. 

B.  PERFRINGENS.— V.  B.  WELCHII. 

B.  PESTIS.- A(!GLUTINATION   B8-12I 1— COMPLEMENT   FIXATION   B9-73I1. 

B.  PERTUSIS.— COMPLEMENT  FIXATION  B9-731I. 

PFEIFFER    PHENOMENON.— V.         CHOLER/E  B9-42— TEST         ANTIGEN 

B9-42II— TEST  SERUM  B9-42U. 

PHAGOCYTIC  ACTION.— V.  OPSONIC  ACTION. 

V.  PIRQUET.— TEST  B8-471. 

PNEUMOCOCCUS.— AGGLUTINATION  B81711,  B8-21— ANTIGEN  BS-1711,  BS-21, 
BlO-613— IDENTIFICATION  OF  TYPE  B8-21— OPSONIC 
ACTION   BIO- 01 3— SPUTUM  ANTIGEN  BlO-721  TO  BlO-723. 

D.  PNEUIV10NI>C.— V.  PNEUMOCOCCUS. 

POLARIMETRI C— SERUM  TEST  BlO-IOOl,  BlO-12. 

POLLEN.— ANAPHYLAXIA  B8-53— ANTIGEN  UNIT  B8-5312. 

PORGES  TEST.— SYPHILITIC  SERUM  B10-38I. 

PORGES  AND  MEIER  TEST.— SYPHILITIC  SERUM  BlO-382. 

PRECIPITIN  ACTION.— B.  ANTHRACIS  BIO" 75— BACTERIA  BlO-71— BLOOD 
SERUM  BlO-83— BLOOD  STAIN  BIO-82— B.  DIPH- 
THERI^  BlO-77.— ECHINOCOCCUS  BIOSI— 

FLESH  BIO'84— B.  MALLEI  BlO-73— MEAT  BlO-84 
-MENINGOCOCCUS  B10-7(>— D.  PNEUMONIA 
BlO-72— SERUM  STANDARDIZATION  BlO-823— 
B.   TETANI    BlO-78— B.    TUBERCULOSIS    BlO-74. 

PRESERVATION.— ANTIGEN  B8I  111— COMPLEMENT  B9-727  to  B9-729— 
ERYTHROCYTES  B9-721  to  B9-726. 

PRESERVATION    REAGENTS.— COMPLEMENT  FIXATION  TEST  B9-72. 

PROTEIN.— FOAM  TEST  BlO-821 2— HEAT-NITRIC    ACID  TEST  BlO-8212. 

PROTEOLYTIC  ACTION.— SERUM  BIOIOOI. 

RABBIT.— ANAPHYLACTIC  SHOCK  BS-415,    B8-41G,  B8-4431,  B8-4451. 

RAT  —  ANAl^HYLACTIC  SHOCK  B8-4431,  B8-4451. 

RED  BLOOD  CORPUSCLES.— \.  ERYTHROCYTES. 

RICIN.— ANTITOXIN  B8-9711. 

ROEMER.— STANDARDIZATION  ANTITOXIN  B8-9I4. 

ROUX.— STANDARDIZATION  ANTITOXIN  B8-9I1. 

SACHS  AND  GEORGI  TEST.— SYPHILITIC  SERUM  BlO-39. 

SAUSAGE  MEAT.— ANTIGEN  B9-7U2— COMPLEMENT  FIXATION  B9-7Ui  — 
PRECIPITIN  TEST  BIO'8431. 

SCHICK.— TEST  B8-52,  B8-915.  , 

V.  SEPTIQUE.— ANTITOXIN  B8-95. 

SERUM.— REACTIONS  V.  BLOOD  SERUM. 

SNAKE  VENOM.— ANTIVENIN  E9-2— MINIMUM  LETHAL  DOSE  B9-222. 


W.  F.  Harvey.  337 

SPOROTHRIX.— ACiGLrTINATION  B.S-28— ANTIGEN  Bs-28. 

SPUTUM.     AN'TICEX   B10T21   to  B 10-723. 

STAIN.— ALKALINE     METHYLENE      BLUE      B10(i421— CARBOL     THIONIN 

STALAGMOMETER.— SERUM  TEST  BlOo. 
STANDARD.  .VOCLITIXIN  UNIT  B8133>>— LOOl' B!)-412L 
STANDARDIZATION.— ABRIN  ANTITOXIN  B8-97— ANTIENDdTo.VlX  B8-7 
—ANTIGEN  B9-322,  B'J-716.  BIO-52— ANTIGEN 
AGGLUTINABILITY  B8133— ANTIGEN  OPACITY 
B8132— ANTIGEN  WAS.'^ERMANN  B9-7I(>.  BlO-924. 
BIO-925— ANTIU.EMOLYSIN  B8-8122— ANTI  SERA 

BLOOD  STAIN  B9-751— ANTITRYPSIN  B9I— 
ANTIVENIX  B9-2— BACTERIOLYTIC        SERUM 

B9-421— BOTULINUS  ANTITO.XIN  B8-93— 

COLONY  COUNT  B9-322— COMPLEMENT  Bg/Ifl, 
B10-9IC— CROTIN        ANTITO.XIN  B8  9711— DIPH- 

THERIA ANTITOXIN  B8-91— HEMOLYTIC 

SERUM  B9-7I3,  BlO-41,  BlO-915— HAY  FEVER 
ANTITOXIN  B8-532,  B8-98.—  B.  CEDEMATIENS 
ANTITOXIN  B8-90— PRECIPITIN  SERUM  BlO-823 
— RICIN  ANTITOXIN  B8-971I— V.  SEITIQUE 
ANTITOXIN  B8-95— TETANUS  ANTITOXIN 

B8-92— TiiYISlN  B9115,  B9122,   B9132— B.  WELCHll 
ANTITOXIN  B8-94. 
STAPHYLOCOCCUS.— ANTIGEN   B10012— OPSONIC  ACTION   B10(il2. 
STREPTOCOCCUS.- AGGLUTINATION  B819— ANTIGEN   B819— COMPLEMENT 

FIXATION  B9-7311. 
SUBCUTANEOUS  TE8T.—ANIMAL  B8-476— GLANDERS  B8-48I— KOCH    B8-475— 

MALLEIN   B8-481— TUBERCULOSIS  B8-4  5. 
SUPPURATION.— DIAGNOSIS  B911G1. 

SYPHILIS.  ANTIGEN  MEIOSTAGMIN  TEST  B10-5I5— BROWN  AND 
lY'ENGAR  TEST  B9 .322— BRUCK  TESTS  BlO-321  to  BlO-322 
—BUTYRIC  ACID  TEST  BlO-371— COBRA  VENOM  REACTION 
B9o2— COMPLEMENT  FIXATION  BlOO— CUTANEOUS  TEST 
B8-54I— EPIPHANIN  REACTION  BIO-21— FLOCCX'LATION 
REACTION  BIO-3— HiRMANN  AND  PERUTZ  TEST  BlO-33— 
HIRSCHFELD  AND  KLINGER  TEST  BlO-34— KLAUSNER 
TEST  BlO-35— MEINICKE  TEST  BlO-30— NOGUCHI  KLOC- 
CULATION  TEST  BlO-37— PORGES  AND  MEIER  TEST  B10382 
—FORGES  TEST  BlO-381— SACHS  AND  GEORGI  TEST  BlO-39 
— WASSERMANN  TEST  BIO'J— WEIL  TEST  B9-521. 
B.  TETANI.— ANTITOXIN    BHil2— ANTITOXIN      UNIT     B8-9214— PRECIPITIN 

STANOARDIZATION  BIO-78— TOXIN  STANDARD    BH1I212. 
THERMOPRECIPITIN  TEST.— B.    ANTHRACIS    BlO-7.54— ANTHRAX    ANTIGEN 

B10-.52,  BlO-753. 
TMIONIN.— CARBOL  STAIN  BlO-6410 
THREAD.— REACTION  B8153. 
TITRATION.— 8EBA  v.  .STANDARDIZATION. 
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TITRE.— F.    ALSO     STANDARDIZATION      ITNIT— BACTERIOLYTIC      SERUM 

B9-4211— H.^MOLYTIC  SERUM   B9-7131,    B9-7133. 
TOXIN.— F.  ANTITOXIC  ACTION— STANDARD  TETANUS  B8-9212. 
TRANSFUSION.— TEST  B8-33,  BlO-42. 

TRYPSIN.— SOLUTION   B9- 111— STANDARDIZATION  B9115,   B9122,   B9-132. 
TUBERCULIN.— CONJUNCTIVAL       TEST         B8-4601,        B8-477— CUTANEOUS 
TEST    B8-471— FOR      CONJUNCTIVAL      TEST    B8-4774— 
INTRACUTANEOUS      TEST     B8-473— INTRACUTANEOUS 
ANIMAL  TEST  B8-474— NASAL   TEST    B8-478— PERCUTA- 
•  NEOUS   TEST    B8-472— SUBCUTANEOUS     TEST   B8-475— 
SUBCUTANEOUS   ANIAIAL    TEST    B8-476— TEST    B8-47— 
URETHRAL  TEST  B8-479— VAGINAL  TEST  B8-479. 
B.  TUBERCULOSIS.— AGGLUTINATION      B8-1211,       B8-22— ANTIGEN      B8-22, 
B9-738,    BlO-614— COMPLEMENT      FIXATION     B9-738— 
OPSONIC       ACTION     BlO-614,       BlO-642— PRECIPITIN 
TEST   BlO-74— STAINING   BlO-642. 
TYPE.— MENINGOCOCCUS   B8-1832,    B8-3201— PNEUMOCOCCUS  B8-21,     BlO-72 

—SEROLOGICAL  B8-3201. 
TYPHOID  FEVER.— CONJUNCTIVAL       TEST        B8-491— CUTANEOUS      TEST 

B8-492— ORGANISMS   AGGLUTINATION  B8-1128. 
B.  TYPHOSUS.— ANTIENDOTOXIN  B8-73— COMPLEMENT  FIXATION    B9-7311- 
UNIT.— AGGLUTINATION  B8-1124,  B8-1335,   B8- 1344— ANTICOMPLEMENTARY 
Bl(f924"— ANTIENDOTOXIN     BS  7  r,.     BS-7  !1  — ANTIGEN    B9-7167— 
ANTITRYPSIN      B9123,      B9132— ANTIVENIN      B9-2211,      B9-2221 
—BACTERIOLYTIC  SERUM      B9-4211— DIPHTHERIA     ANTITOXIN 
B8'91 35— HEMOLYTIC    COMPLEMENT     B9-62,    B9-7154— H^MOLY. 
TIC  SERUM  B9-7131,  B9-7133,  BlO-4113,    BlO-4122— POLLEN  ANTIGEN 
B8-53 12— TETANUS    ANTITOXIN    B8-9214— TRYPSIN  B9-115,  B9-122, 
B9-1421— VENOM   B9-222. 
URETHRAL  TEST.— TUBERCULOSIS  B8-479. 
VAGINAL  TEST.— TUBERCULOSIS  B8-479. 
VENOM.— ANTIVENOMOUS  ACTION  B9-2. 
VIBRION  SEPTIQUE.— V.  SEPTIQUE. 

WASSER MANN. —REACTION  B9-8,      BlO-9— TEST     BlO-917,     BlO-918.     BlO-926, 
BlO-927— TEST  ANTIGEN    BlO-917,     BlO-921  to    BlO-923— 
TEST     EXTRACT      BlO-917.    BlO-921     to     BlO-923— TEST 
FLEMING  BlO-95— TEST  HECHT    BlO-94— TEST   NOGUCHI 
BlO-93. 
WEIL.— TEST  B9-521. 
B.  WELCH  1 1. —ANTITOXIN  B8-94. 
WRIGHT,  A.  E.— AGGLUTINATION  TEST  B8-12— ANTITRYPTIC  ACTION  B914 

—BACTERICIDAL  ACTION  B9-32. 
WRIGHT  AND  DOUGLAS.— OPSONIC  ACTION  BlO-6. 
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For  a  long  time,  it  had  been  known  that  paiamec^iuni  varied 
considerably  in  their  behaviour  towards  poisonous  drugs.  Jennings  1 906 
showed  that  the  variations  were  due  to  the  amount  of  COo  present  in  the 
culture  media,  and  considered  that  these  ciliates  should  only  be  tested, 
after  the  culture  was  freed  from  carbon  dioxide  by  blowing  air  through 
the  media.  Dixon  1920  suggested  that  these  differences  in  resistance 
could  be  overcome  to  a  certain  extent  by  putting  up  a  quinine  control  as 
a  comparison  with  the  drug  to  be  tested.  Dale  commenced  investigating 
the  cause  of  this  variability  but  had  to  abandon  the  work  owing  to  the 
war.  Before  I  started  testing  the  alkaloids  of  cinchona  bark  on  these 
protozoa  Dr.  Dale  very  kindly  gave  me  his  notes,  and  throughout  the 
work,  helped  me  with  advice  and  suggestions.  It  is  usually  stated  that 
Paramecium  can  be  grown  from  tap  water  or  hay  infusions.  Dobell 
informs  me  that  this  is  not  the  case,  jiaraniecium  are  foujid  in  stagnant 
wat«r,  near  dung  heaps,  etc.,  and  consequently  a  great  deal  of  the  work 
stated  to  have  been  done  on  this  ciliate,  has  been  done  on  Colpoda, 
Bodo,  etc.,  these  protozoa  are  more  commonly  found  in  tap  water  and 
hay  infusion?.  In  a  former  paper  on  snake  venoms,  Acton  and  Knowles 
1914  were  able  to  construct  a  dose  death-time  curve  by  injecting  rata 
with  known  doses  of  dried  cobra  venom  and  recording  tlip  time  to  death. 
We  were  able  by  means  of  this  curve  to  estimate  the  amount  of 
venom  injected  by  a  cobra  at  an  experimental  bite.  I  had  hoped  to 
.     33!)     ) 
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construct  a  similar  type  of  curve  for  paramecium,  arrive  at  the  factors 
concerned  with  these  variations,  and  make  a  more  accurate  teat. 

Technique.— T^ie.  ciliate  used  throughout  this  work  was  Paramecium 
caudatum  isolated  for  me  by  Cliliord  Dobell,  Esq.,  f.r.s.,  from  a  single 
individual.  I  am  indebted  to  him  for  a  great  deal  of  help  dui-mg  the  course 
of  the  work.  This  race  of  paramecium  had  been  observed  by  Dobell  for 
over  three  years  and  he  has  never  seen  conjugating  forms.  (See  also 
Woodrufi  1912.)  The  rate  of  division  of  these  protozoa  is  once  every  20 
hours  (provided  temperature  and  food  conditions  are  favourable).  The 
cultui'e  medium  is  made  by  infuamg  a  small  handful  of  chopped  hay 
in  f  of  a  litre  of  tap  water.  The  hay  infusion  is  boiled  for  3  minutes 
in  order  to  destroy  all  protozoa  and  non-sporing  bacteria ;  prolonged 
boiling  kills  the  sporing  bacteria,  aizd  the  paramecium  from  want  of 
food  grow  very  slowly  in  these  sterile  cultures.  The  hay  infusion  is  then 
allowed  to  cool  to  room  temperature,  and  inoculated  with  5  c.c.  of  stock 
culture  ;  a  thick  culture  was  obtained  in  8-10  days  (by  using  a  massive 
insemination).  The  paramecium  grow  better  in  deep  cultures  with 
the  surface  well  exposed  to  air.  The  pigment  of  the  infusion  acts  as  a 
fairly  good  indicator,  the  dark  brown  cultuies  are  sensitive,  and  the 
lighter  cultures  more  resistant.  Peters  1920  claims  to  cultivate  these 
ciliates  free  from  bacteria  in  a  medium  containing  amino-acids.  At  the 
beginning  of  this  research,  small  volumes  of  culture  and  alkaloid  solutions 
were  exammed  on  a  well  slide,  but  this  technique  was  abandoned 
because  (under  drop  conditions)  it  was  very  difficult  to  get  complete 
mixing  of  the  two  fluids.  The  error  was  overcome  by  usmg  larger 
volumes,  i.e.,  1  c.c.  of  culture  and  1  c.c.  of  alkaloid  solution.  A  bino- 
cular dissecting  microscope  with  No.  1  oculars  and  low  objectives  was 
used  for  examining  the  paramecium,  this  gave  a  large  field  and  sufficiently 
high  magnification  and  it  was  possible  to  keep  a  volume  of  2  c.c.  imder 
observation.  One  c.c.  of  the  test  alkaloid  solution  was  placed  first  in 
the  small  2  c.c.  glass  cell  and  1  c.c.  of  culture  added,  and  well  stirred 
for  a  few  seconds.  This  technique  was  altered  when  investigating 
the  factors  concerned  in  the  construction  of  the  dose-death  time 
curve,  e.g. — 

The  absorption  time  was  found  by  filling  the  small  2  c.c.  glass  cell 
with  the  test  alkaloid  solution,  10  cmms.  of  paramecium  culture  were 
taken  up  into  a  pipette  and  an  air  space  left  to  separate  the  culture 
from  the  alkaloid  solution.  The  end  of  the  pipette  was  inserted  mto 
the  alkaloid  solution  and  moved  about  uutU  it  was  imder  the  centre  of 
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the  Hiicroscopc  tiold.  This  small  volume,  cojitaijiiii<»  about  H-10  para- 
meciiuus,  was  blown  into  the  alkaloid  solutioji  and  one  (ould  observe 
how  long  it  took  to  kill  the  ciliates. 

The  lethal  cowentration. — In  a  series  of  twelve  or  more  test  tubes, 
1  c.c.  of  the  different  concentrations  of  alkaloid  was  placed  in  each. 
The  test  concentrations  ranged  from  1-1000  to  I-TjOOOOO  of  aiihydroas 
base.  The  paramecium  culture  was  taken  up  in  a  10  c.c.  pipette  from  J" 
below  the  surface,  where  the  ciliates  were  most  numerous,  and  1  c.c.  of 
culture  added  to  each  test  tube  making  the  final  concentrations  range 
from  1-2000  to  1-1000000.  The  end  of  the  pipette  should  be  as  near 
as  possible  to  the  surface  of  the  alkaloid  solution,  otherwise  two  sources 
of  error  occur,  the  Ph  may  be  altered  if  the  culture  is  aerated  by  dropping 
from  a  height,  or  drops  may  adhere  to  the  sides  containing  paramecium 
not  in  contact  with  the  alkaloid  solution.  Twenty  to  24  hours  later,  the 
tubes  should  be  well  shaken  as  the  paramecium  sometimes  remain 
motionless.  The  contents  are  then  poured  into  a  2  c.c.  glass  cell  and 
examined  under  the  microscope.  After  each  examination  the  glass  cell 
should  be  washed  and  dried,  otherwise  paramecium  may  be  carried  over. 
By  using  2  c.c.  of  fluid  in  ordinary  sized  test  tubes  not  much  COj  is 
lost. 

The  death  interval  was  foujid  by  the  time  it  took  to  kill  every  indi- 
vidual in  1  c.c.  of  a  thick  culture  when  added  to  1  c.c.  of  the  particular 
concentration  of  the  alkaloid.  The  live  cell  was  constructed  as  follows  : — 
four  pieces  of  glass  tubing  ^"  wide  and  J"  high  each  of  over  2  c.c.  capacity 
were  cut,  and  the  edges  ground  flat.  The  four  cells  were  cemented 
together  on  the  centre  of  a  piece  of  J"  plate  glass  G"  long  and  2"  broad, 
with  Canada  Balsam  so  that  the  microscopic  field  included  a  portion  of 
each  cell  ;  the  four  could  be  kept  under  observation  (at  the  same  time). 
Four  .simultaneous  observations  could  thus  be  carried  out  on  a  particular 
dilution  or  on  four  different  dilutions.  With  a  little  experience,  one 
could  choose  the  strength  of  concentrations  or  space  the  time-intervals, 
80  that  a  sufficient  interval  of  time  was  given  to  thoroughly  examine 
the  cell  and  see  that  every  individual  was  dead. 

The  hydrogen  ion  concentration  (Pa  )  of  the  cdlure  should  be  taken 
as  it  gives  the  range  of  the  test  concentrations  and  an  approximate  idea 
of  the  death  time.  The  method  used  for  testing  the  Pn  was  one  devised 
by  Dale  and  Lovatt-Evans  1920.  The  collodion  dialyser  was  filled  to 
the  top  with  the  culture  (about  3  c.c),  then  corked ,  and  allowed  to  dialyse 
for  five  minutes  into  1  c.c.  of  freshly     boiled    distilled  water.    The 
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dialyser  and  its  contents  were  then  removed,  'US  c.c.  of  a  ■02"„  solution  of 
neutral  red  in  distilled  water  was  next  added  to  the  dialysate  and 
immediately  covered  with  a  layer  of  liquid  paraffin  to  prevent  loss  of 
COo.  The  colour  produced  by  the  Neutral  Red  in  the  dialysate  was 
matched  with  the  tint  in  a  standard  phosphate  solution. 

"  The  cause  of  vabiations  in  the  besistance  of  pakamecium." 

(I)  Race. — Dale  and  Dobell  1916  in  a  study  on  the  theraj^eutic 
action  of  emetine  in  amoebic  dysentery  found  that  the  different  strains 
of  entamoeba  histolytica  varied  very  considerably  in  their  powers 
of  resistance  towards  this  alkaloid.  This  factor  did  not  apply  in 
my  experiments  as  the  ciliates  used  were  all  derived  from  a  single 
individual. 

(II)  hidtvidual  resislance. — I  noticed,  when  recording  the  time  to 
death,  that  a  few  individuals  took  twice  or  three  times  as  long  to  die 
as  the  rest.  For  example,  at  a  concentration  of  1-10000  quinine,  the 
)najority,  some  two  to  three  hundred  individuals,  died  in  three  minutes, 
five  or  six  survived  for  six  minutes,  and  one  or  two  individuals 
struggled  on  for  ten  minutes.  The  average  sized  paramecium  seemed 
to  die  first,  and  the  survivors  were  nearly  always  the  extreme 
individuals.  Again,  in  the  test  for  the  minimum  lethal  concentration, 
when  the  series  of  test  tubes  were  examined  next  day,  a  concentration 
was  found  at  which  every  individual  was  killed  (certain  lethal  concen- 
tration) ;  below  this  concentration  a  certain  percentage  of  the  individuals 
survived  (sub-lethal  concentrations).  Finally  in  still  lower  concen- 
trations every  individual  was  alive  after  20-24  hrs.  (non-lethal 
concentrations). 

The  following  example  of  a  test  may  be  given  as  an  illustration  :  — 

Final  cone,  of     1-20000  aiihydrons  quinine  base.   No     survivors  i  Certain       lethal 

1-30000  „              „          „                       „  f      concentration. 

1-40000  „              „           „    12-5%  survived  -v 

1-50000  „              „           .,    l(i-6%          .,  I  Sub-lethal    con- 

1-70000  „              „           „       50%          „  [     centration. 

1-100000  „              „           „       75%          „  j 

1-200000  „              „           „        all  alive  ]  Non-lethal    con 

1-250000  ,.              ..          ..             „  I      centration. 

We  therefore  see  that  there  are  certain  ijidividuals  who  take  a 
longer  time  to  die  in  lethal  concentrations  and  are  also  able  to  resist 
sub-lethal  concentrations. 

(III)  Light: — The  difference  in  action  of  acridine  on  paramecium 
when    tested    in   the  light   and   dark   is   quoted  to  show    that   light 
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plays  a  part  in  explaiiiiuf;  tlio  variations  in  ,s<>risitiv(!iies8  of  those 
protozoa.  The  four  liiuhoria  alkaloids  were  tested  in  the  lij^ht  and 
dark  and  this  diflference  in  lethality  was  not  detc';ted.  The  sulphates  of 
(inehonine  and  ciiuhonidine  are  not  fluoresceut  whilst  the  sulphates  of 
the  other  two  arc  flourescent.  Again  the  attinif  power  of  the  light  was 
tested  on  several  ociasions  when  these  tests  were  being  tarried  out 
and  no  obvious  association  was  seen. 
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(IV)  The  hi/drogeu  ion  coticentralton  (Ph)  nj  the  t.ulluic  media. 
When  50  c.c.  of  paramecium  culture  were  placed  in  a  flat  Petri  dish,  this 
was  done  in  order  to  avoid  contaminating  the  stock  culture.  I  noticed 
with  the  same  concentration  of  alkaloid,  the  longer  the  culture  was 
exposed  to  air  the  shorter  became  the  interval  to  death.  The  following 
experiment  shows  one  of  these  exjJeriences  : — 

50  CCS.  of  a  stock  culture  from  a  litre  flask  were  plated  in  a  Petri 
dish, —  6  in.  diameter.  At  intervals  of  half  an  hour,  1  c.c.  of  the  exposed 
culture  was  added  to  1  c.c.  of  the  following  concentrations  of  quinidine, 
and  the  time  to  death  of  the  last  individual  noted. 

Table  I. 


i  IX.4L 

CuhCE>TRATION   OF   QC 
AKHTOROrS   BASE. 

MPINK 

J  lUlf  to 

death  in 
DiinutcB. 

1-10000 
Min«. 

1-12000 

1-20000 

1-24000 

Minn. 

Minx. 

Min». 

r)riginal  culture  in  flank    . . 

12 

22} 

:io 

4S 

After      i  hour'n  cxpoMurc  . . 

121 

l«i 

22 

42 

1     hour°H 

7 

15 

1!) 

27 

..       IJ 

^ 

13 

17 

2.',} 

..2        

4 

7 

\i; 

lU 

.,      2j 

i\ 

4 

•4 

II 

..3         

4 

u 

» 

..      3J 

2 

21 

34 

^* 
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This  experiment  was  repeated  on  several  occasions  and  similar 
results  were  obtained,  showing  that  the  increased  sensitiveness  of  the 
Paramecium  was  associated  with  exposiu-e  of  thin  layers  of  culture  to  a 
large  surface  of  air.  Jennings  1906  observed  that  the  resistance  of 
Paramecium  was  largely  conditioned  by  the  amount  of  C0;>  produced 
in  the  media.  The  following  experiment  was  performed  to  show  this 
effect : 

Ex'perimoii  II. — One  c.c.  of  a  1-10000  quinidine  wag  mixed  with 
1  c.c.  of  the  following  cultures  giving  a  concentration  of  1-20000  of  the 
anhydrous  base  in  each  c.c.  of  the  mixture.  Three  different  lots  of  50  c.c. 
from  the  original  stock  culture  were  treated  as  follows  : — 

(I)  50  c.c.  were  placed  in  an  open  dish  and  exposed  to  air. 

(II)  50  c.c.  were  placed  in  a  dish  and  had  CO2  blown  over  it 

for  40  seconds,  and  then  covered  with  a  glass  lid.  Each 
time  the  culture  was  tested,  CO2  was  again  added  for  40 
seconds. 

(III)  50  c.c.  were  placed  in  a  small  Ehrlenmayer's  flask  of 
50  c.c.  capacity  with  a  narrow  neck  and  covered  with  a 
watchglass. 

Table  II, 
The  results  were  as  follows  : — 


Time 

c  £  test. 

(I) 

Open  Petri 

disli. 

(H) 
t'0„  dish. 

(Ill) 
Ehrlen- 
mayer's 

flask. 

Original 
culture. 

Hrs. 

Mins. 

Mins, 

Mins. 

Mins. 

Mins 

After     0 

50 

74 

366 

16 

70 

1 

40 

4 

158 

68 

2 

45 

2} 

113 

3 

15 

H 

75 

i 

0 

H 

Left  open  till 
nert  morning. 

15 

„       24 

0 

li 

IJ  mins. 

12 

65 

,.       iS 

(1 

required  with 
CO2  125 
mins. 

18 

60 

Time  to 
death  in 
minutes. 


At  this  stage  I  consulted  Dr.  Lovatt-Evans  about  the  cause  of  this 
increased  resistance  of  the  paramecium  after  blowing  CO,,  over  the 
cultures.  He  suggested  that  the  cause  may  be  due  to  the  difference  in 
the  hydrogen  ion  concentration. 

The  next  day  Evans  kindly  estimated  the  hydrogen  ion  concentration 
(Ph)  of  these  cultures.     The  Ph  of   the   exposed    Petri  dish  was  over 


Huijh   \V.  Acton. 


345 


9-7.  that  ill  the  SOc.i-.  Ehrlomuayors   Hask  Pn    1H\.  and  the  orifdnal 
oulturc  Ph   7-32. 

The  following  experiments  clearly  show  that  tlie  variations  in  the 
resistaiue  of  different  cultures  is  closely  associated  with  the  Ph  of  the 
media  in  which  the  Paramecium  are  growing. 

(A)  On  variations  in  death  time 

The   death  times  were  noted  by  testing  1  c.c.  of  culture  with  1  c.c. 
of   1-1(XKK)  quinidine,   this   gave  a  concentration  of  l-2000().     Evans 
kindly  estimated  all   the  Ph   cf  these  cultures. 
Table  III. 

Culture  Sourci'. 


(a)  Culture  with  CO-j  blown  over 

(h)  Ditto 

(c)  Ditto 

(a)  Original  culture 

(a)  After  16  hours   exposure 


(B)  On  variations  in  the  lethal  concentration. 
The    following    cultures    were  tested,  1  c.c.  of  the  various  concen- 
trations of  quinine  was  mixed  with  1  c.c.  of  culture  and  allowed  20  hours 
contact.     They  were  then  examined  to  see  if  all  the  individuals  were 
dead.    The  results  are  shown  in  the  following  table  : — 
Table  IV. 
Shows    the   minimum  lethal  concentration  that  is  required  to  kill 
rnltures   oj  Paramecium   with  (liferent   Pj/. 


_ 

- 

£ 

^ 

=  ie§3 

Source  of  culture. 

^3  ■:: 

1 

1       1 

o 
g 

1 

o 

i  1 

1 

1 

20000( 

ncent 
quini 
hydro 

C 

1 

J.       J. 

1 

1 

>   1 

1 

1 

»     O  o  a-S 

COs  Mown  through 

i 

! 

culture  A  . . 

712 

+ 

75%    — 

— 



1 







COj  Mown  through 

culture  B  . . 

7-27 

+ 

500/0  66% 

80% 

— 

—   _   _ 

_ 

— 

—          

Original  culture  (A) 

7-52 

+ 

+  '   + 

+ 

+ 

J5%25%75"o 

W'o 

— 

—   '      .... 

(h    blown  through 

1 

1 

culture  (B)  . 

7-66 

+ 

+      + 

+ 

- 

+        +     10"o 

33% 

— 

— 

Culture  (B) 

7-71) 

+ 

+  '   + 

+ 

-r 

+      + 

+ 

+ 

75";, 

— 

Nitrogen         blown 

through  culture  B 

7-86 

+ 

+  '   + 

+ 

+ 

+      + 

+ 

+ 

60% 

~ 

The  sign  -|-  =  all  dead,  -  =  all  alive,  the  %  roughly  estimates  the 
number  of  survivors. 
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Tliis  experiment  ahows  that  the  concentration  of  qubiine  that  causes 
the  death  of  every  parameciuni  "  Certain  lethal  concentration  "  varies 
with  the  hydrogen  ion  concentration  of  the  cultures.  .  When  the  Ph  was 
7-27,  "1  millegramme  of  anhydrous  quinine  was  requii'ed  iii  each  c.c.  to 
kill  every  mdividual,  whilst  at  a  Ph  of  7  86  as  little  as  -015  millegrammes 
per  c.c.  killed  with  certainty.  Li  other  words,  when  the  culture  was 
acid  the  paramecium  were  capable  of  siuAiving  six  lethal  doses.  1  must 
thank  Dr.  Lovatt-Evans  for  estimating  the  Ph  of  these  cultures,  and 
for  his  help  when  I  was  trying  to  account  for  the  cause  of  these 
variation  in  death  time  and  lethal  dose. 

"  The  dose  death- tiue  curve." 

Madsen  and  Kogouchi,  1907,  found  in  the  guinea-pig,  that  a  rela- 
tionship existed  between  the  dose  and  death  time  and  could  be  plotted 
as  an  asymptotic  curve.  Acton  and  Knowles,  1914,  obtained 
identical  findings  using  rats,  rabbits  and  monkeys  in  their  venom  experi- 
ments, and  other  workers  have  obtained  similar  results  when  injecting 
toxins  into  guinea-pigs  and  other  laboratory  animals.  Thus  confirming 
the  asymptotic  relationship  that  exists  between  dose  and  death  time 
for  mammals  in  general.  I  therefore  assumed  that  a  similar  toxicity 
curve  could  be  constructed  for  paramecium.  This  relationship  we  had 
previously  represented  by  the  equation  " 

(  X  -  a)  (  y  -  6  )  =  K. 
where  x  =  the  dose  of  alkaloid  in  mgrms.  per  c.c.  y  =  the  time  to  death 
in  minutes.  These  two  factors  could  readily  be  obtained  by  experiments. 
(a)  =  absorption  time  of  the  alkaloid  and  (6)  the  sub-minimal  lethal  con- 
centration that  just  fails  to  kill  every  individual,  K  =  a  constant  which 
is  at  present  unknown.  In  order  to  eliminate  the  value  of  K  we  must 
first  determine  the  values  of  a  and  h. 

Sub-minimal  lethal  concentration.— {a)  I  have  already  discussed  the 
minimum  lethal  concentration,  and  showed  that  it  varied  with  the  Ph  of 
the  culture.  Thus  at  a  Ph  of  7-12  it  was  1-10000  and  at  a  Ph  of  7-86  it 
was  1-70000  or  differences  of  -1  and  '015  mgrms.  of  anhydrous  base  per  c.c. 
In  alkaline  cultures,  difierences  of  '005  mgrms.  of  anhydrous  quinine  base 
can  be  detected,  so  if  this  difference  is  taken  as  the  sub-lethal  dose,  the 
sub-lethal  dose  will  vary  from  0-1  to  '095  mgrms.  in  the  range  of  Ph  from 
7  to  7-9.  Graph  I  shows  these  two  lines,  the  lethal  and  sub-lethal  dose, 
as  running  parallel  to  one  another.  The  actual  observations  have  been 
shown  as  a  dot  within  a  circle. 


5V 


J 


Graph  I  -Show*  the  relationship  of  the  minimum  and  tublelhal  concentration 
of  Quinine  with  the  Pm   of  the  Culture. 


MVOROGEN 

ION 

CONCENTRATION 

PH 

or  CULTURES 

70 


7-2 


7-3 


7-7 


8-0 


01     015    02 


a/^  '-«    —  msms  of  awhyobous 
'^Oq'^Qq   quinine   base.— 


0  5  06 


oVsOB 


08     095    "I 


The  dotted  line  =  Mlnimum  lethal  concentration.    The  continuout  llne-The  approximate 
sublethal  concentration.     The  actual  obiorvatione  «r«  shown  tKuS    (o) 
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We  sea  that  below  P„  79  the  aub-lethal  dose  is  about  OI  iuktuib. 
Between  Ph  7'9  and  7-o  the  observations  lie  fairly  evenly  about  this  line, 
between  Ph  7  and  '"J  the  observations  lie  some  distance  from  the  line, 
and  may  bo  explained  by  the  loss  of  CO  that  occurs  when  such  cultures 
are  exposed  to  air  in  teat  tubes.  By  the  aid  of  tiie  graph  it  is  possible 
to  make  the  necessary  corrections  in  the  sub-lethal  dose  with  a  given  Pu 

The  absorption  time. — (6)  The  exact  time  was  estimated  by  blowing 
20  cmm.  of  paramecium  culture  in  2  e.c.  of  alkaloid  solution,  and  counting 
the  number  of  seconds  it  took  to  kill.  The  following  is  a  result  obtained 
on  a  stock  culture  : — 


IJeath  in  ...<-om(/.. 
Iii.slant«neouBly 
I  ur  2  seconds 
3  seconds 


Concentration     1-100  anhydrous  quinine  base 
1-200 
1-300 

l-*00  „  „  „  ..5 

i-500  ..  „  ..  ..8 

The  following  cultures  were  then  tested,  to  see  the  elTect  of  the  P,i 
on  the  diflferent  cultures  : — ■ 


CONCENTRATIOy   OF   ANHYDROUS   QITINiyB    BASE. 


Cultures. 


CO. 


Culture  I  Ph  over  6-3 

Culture  I  Ph  7-23 

Culture  II  Ph  7-7« 

Culture  III  Ph  8-08 


1-200 

1-400 

1-800 

lilt 

5  sec. 
inst. 
inst. 
inst. 

40  sec. 
10  sec. 

inst. 

inst. 

A  culture  exposed  for  over  24  hoars  to  the  air  in  a  flat  Petri  dish,  Pu 
over  9"5,  death  occurred  instantaneously  in  a  dilution  of  1-8000  of 
quinidine.  Therefore  in  strong  concentrations,  the  ab.sorption  time  is  in- 
stantaneous, and  in  alkaline  cultures  this  degree  of  lethality  is  main- 
tained in  much  weaker  dilutions.  Unless  small  volumes  of  culture  are 
blown  into  a  large  volume  of  alkaloid  solution  it  i.s  impo.ssible  to  accu- 
rately time  the  death.s,  as  they  occur  .so  quickly.  With  the  rest  of  my 
experiments  I  used  1  c.c.  of  culture  and  1  e.c.  of  alkaloid  .solution  and 
anything  under  six  seconds,  i.e.,  '1  of  a  minute,  was  considered  a.s 
instantaneous  for  the  time  was  occupied  in  mixing  and  placing  the 
preparation  under  the  microscope. 

Now  what  does  this  rapid  rate  of  absorption  mean  ?  We  know 
that  quinine  in  an  alkaline  solution  is  tran8fr)rmed  into  the  ba.sc.  which 


348         On  the  Behaviour  of  Paramecium  Caudatum. 


is  an  alkali  behaving  like  ammonia.  It  is  well  known  that  ammonia 
has  the  power  of  rapidly  penetrating  living  cell  membranes. 

We  now  show  by  these  experiments  that  quinine  base  can  penetrate 
the  cells  just  as  rapidly  as  ammonia.  Quinine  has  two  tertiary  N.  atoms 
and  may  possibly  behave  like  NH3.  In  acid  cultures  strong  solutions 
are  required  to  kill  instantaneously.  Quinine  base  does  not  dialyse 
through  a  collodion  membrane,  whilst  the  acid  salts  do,  and  later  on 
we  will  see  that  this  fact  has  an  important  bearing  on  the  penetration  of 
the  base  through  the  erythrocyte  stroma. 

The  Evaluation  of  K  : — 

As  we  know  the  value  of  a  and  h  in  this  equation  we  can  obtain  the 
value  of  K  easily  by  taking  four  points  on  the  curve  at  a  particular  P„ 
and  then  find  the  value  of  K.     This  has  been  done  in  the  following  : — 

Table  V. 

Show  J  tie  C'llculated  and  observed  rallies  oj  tht  i.ose  death  time  oj 
the  different  cultures  with  Ph  varying  J rom  6-5  to  9'5  and  over. 


Ph    over    9-5 

Ph  cultuee  8^08 

Ph 

7-23 

Ph 

OVER  6-5 

Observed 

Calculated 

Observed 

Calculated 

Observed 

Calculated 

Observed 

Calculated 

time. 

K.''04 

time  in  mins. 

K=2-3 

in  mins. 

K=2-5 

in  mins. 

K=7-8 

1-2000 

Inst. 

•18  sec. 

5    5i  6 

4-8  mins. 

11   10     8J 

6  mins. 

16  15  13 

19^3 

1-4000 

Inst. 

•27     ., 

9     8       8J 

9-8     „ 

17  16J  13 

15 

40 

50-0 

1-6000 

Inst. 

•38     „ 

10  12J  lli 

153  „ 

21  22  18 

27-5 

105 

109-5 

1-8000 

10  sec. 

•44     „ 

16  13     15 

21  mine 

30  28  30 

50-1 

— 

260 

1-10000 

25    ., 

•5       ,. 

— 

27      „ 

— 

92-6 

— 

560 

1-12000 

35    ., 

•68     „ 

— 

33      „ 

— 

250 

— 

» 

1-14000 

35    „ 

•8       ., 

— 

37-8  „ 

— 

30 

1-16000 

65    „ 

■9       „ 

— ■ 

49      „ 

1-18000 

95    ., 

I'l  mins-'. 

— 

57      „ 

1-20000 

2J  mins. 

1-2     „ 

— 

65-5  „ 

1-40000 

5i    „ 

41     „ 

— 

230-1   „ 

1-50000 

9 

— 

460-5  ., 

1-80000 

live  after 

DO 

X 

75  mius. 

The  observed  and  calculated  values  fit  fairly  well,  but  there  is  a 
discrepancy  in  the  longer  death  interval  owing  to  the  Ph  of  the  mixture 
altering  by  the  loss  of  CO2.  The  important  point  this  table  shows  is 
that  the  death  interval  is  also  cor  elated  with  the  Ph.  In  alkaline 
cultures  the  instantaneous  lethal  action  of  quinine  base  is  remarkable, 
in  the  acid  solutions  the  action  of  quinine  is  much  weaker  and  is  possibly 
due  to  the  formation  of  insoluble  carbonates  by  the  excess  of  COj 
present,  thus  interfering  with  the  penetration  of  the  alkaloid. 
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At  the  same  dilution  with  different  cultures  owinp;  to  the  extreme 
variability  of  the  death  time  there  is  a  rapid  loss  of  VO,  when  these 
mixtures  are  exposed  to  air.  As  a  measure  of  toxicity,  this  test  would 
require  a  number  of  observations  and  great  care.  For  these  reasons 
I  abandoned  the  method  and  used  instead  the  mininmm  lethal  concen- 
traticn.  The  other  alkaloids  cinchonine,  quinidiiie,  cinchonidine  and 
the  hydro-aikaloids  behave  like  quinine,  and  similar  curves  could  be 
constructed  for  them. 


The  To.xiciTY  of  the  main  cinchona  alkaloids. 

The  Ph  of  the  culture  should  first  be  estimated,  we  have  already 
seen  that  the  hydrogen  ion  concentrations  of  the  cultures  have  a  close 
association  to  the  lethal  dose  of  these  alkaloids.  Thus  a  culture  with  a 
Ph  of  7  is  very  insensitive,  whilst  a  culture  of  Ph  8  is  killed  by  a  sixth  of 
the  lethal  dose  required  in  acid  cultures.  When  the  Ph  is  about  7, 
there  is  a  good  deal  of  CO.  present,  and  care  should  be  taken  that  the 
1  c.c.  volume  does  not  lose  much  CO2.  Again  if  the  culture  is  exposed 
in  shallow  layers  to  a  large  air  surface,  CO2  is  rapidly  given  up,  this  loss  is 
to  a  large  extent  overcome  by  doing  the  tests  in  ordinary  test  tubes. 
The  first  test  was  done  on  a  culture  with  a  Ph  of  725  and  for  each  alkaloid 
twelve  different  concentrations  were  put  up  for  the  test.  Only  the 
minimum  lethal  concentration,  that  is  sufficient  to  kill  every  individual 
La  1  c.c.  is  shown  in  the  Table  VI. 

Table  VI. 

Shows  the  lelative  toxicity  of  the  differeiU  cinchona  alkaloidi  when  tested  on 
a  jMirameciuin  cuUurc  Ph  725. 


t>eitrorot«U,ry, 

ciocbooa  alkaloids 

(A)  Cinchonidine 

^erie<i. 

M.  L.  Dose. 

Ljevorotiitciry 

isomeridoh. 

(li)  Cinchonidine 

r  erica. 

M.  L.  Dose. 

Amount  of 
anhydrous  base. 

E  luivulent 
concentra- 
tion. 

AiiiKiiiit  of 
aniiydroua  base. 

Equivaltnt 

conccntra- 

tioo. 

Oochonine 

•3  mgm.  per  c.c. 

1-3000 

Cinchonidine 

•1    mgm.  per  c.c. 

l-IOOOO 

Hydru-ciDchonioe    . . 

•35            ,.       „ 

1-2800 

Hydro-cinchonidine 

•1              ..        .. 

1-10000 

Qoinidine 

•1              ,.       .. 

1-10000 

Quinine 

•1 

1-10000 

Hydro-quioidine 

•15           „       „ 

1-7000 

Hydro-quinine    . . 

■  1,-,            l-7(tOO 

1 

Ethyl     hjrdro-cuprei- 
dine    . . 

•025          „       „ 

1-tOOOO 

Ethyl            liydro- 
cupreioc 

•035 

1-2J(000 
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In  this  test  cinchonine  and  hydio-ciiielionine  were  foiind  to  be  the 
leaat  toxic  for  paraniecium.  Ethyl  hydro-cupreidine  was  the  most 
toxic,  and  ethyl  hydro -cupreine  (optochin)  the  next.  Between  quini- 
dine,  cinchonidine  and  quinine  no  differences  could  be  seen.  The 
hydro -alkaloids  were  all  slightly  weaker  in  their  action. 

The  next  test  was  done  on  a  culture  which  was  more  alkaline  and 
the  results  were  as  follows  : — 

Table  VII 

Shows  (he  rehitive  toxicity  of  the  different  cinchona  alkaloids  when  tested 
on  a  Paramecium  culture  Pg  7"79. 


MiN.    LETHAL  DOSE. 

Loevorotatory 

isomerides. 

(B)  Cinchonidine 

series. 

M.  Lethal  do.se. 

Dextrorotatory  Cin- 
chona alkaloids. 
(A)  Cinchonine  series. 

Amount  of  anhy- 
drous base. 

Equivalent 

concentra-j 

tion. 

Amount  of  anhy- 
drous base. 

Equivalent 
coQcen 
tration. 

Cinchonine 

•25  mgms.  per  e.c. 

1-4000 

Cinchoni  ine 

02  mgms.  per  c.c. 

1-.">0000 

Hydro-cinchoninc 

•2-)     ,.         ,.     ., 

1-4000 

Hydro-cinchoni  line. 

•035     „       „     „ 

1-28000 

Quinidine  . . 

•01     „         „     „ 

1-100000 

Quinine 

■020     „       „     „ 

1-50000 

Hydroquinidinc 

•015  „         ,.     ,. 

1-65000 

Hydro-i|uinine 

•035    „       „     „ 

1-28000 

Ethyl  hydro-cupreidine. . 

•0045   „ 

1-220000 

Ethyl  hydro  cupieine 

•015     „      ,.     „ 

1-28000 

We  again  see  that  when  the  culture  is  alkaline,  these  drugs  kill  in 
much  weaker  concentrations,  but  the  order  of  relative  toxicity  is  still 
maintained. 

Thus  cinchoniiie  and  hydro-cinchonine  are  the  least  toxic,  and 
Ethyl  hydro-cupreiiie  and  cupreidine  the  most  toxic.  In  the  acid  cultiu'es 
we  saw  very  little  difference  between  the  others  owing  to  the  coarser 
oradation  that  occurred  at  these  stronger  concentrations.  In  the 
alkaline  culture  with  finer  gradations  we  see  that  quinidine  is  the 
most  toxic  of  these  three  alkaloids,  then  cinchonidine,  then  quinine.  The 
hydro-alkaloids  are  all  slightly  weaker  m  their  action.     That  a  difference 
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does  exist  between  quinine  and  qninidine  I  tested  these  two  alkaloids 
with  the  following  results  : — 
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On  fourteen  different  occasions  when  quinine  and  qninidine  were 
tested  together  on  the  same  culture,  m  seven  quinidine  appeared  to  be 
more  toxic,  in  three  no  difference  was  seen,  and  in  four  quinine  was  more 
toxic.  The  cultures  varied  in  Pn  between  65  and  78.  The  certain 
lethal  concentrations  of  quinine  at  these  different  Pn  varied  from 
1-10000  to  1-70000  and  quinidine  from  1-10000  to  1-100000.  So  that 
quinidine  is  slightly  more  toxic  than  quinine  for  these  ciliates. 


The  concentration  of  quinine  and  quinidine  necessary  to  prevent 
■■  multiplication. 

Dr.  H.  H.  Dale,  f.r.s.,  suggested  to  me  that  it  would  be  worth 
testing  the  degree  of  concentration  that  would  stop  or  decrease  the  rate 
of  multiplication  ;  aa  this  concentration  should  be  considerably  lower 
than  that  required  to  kill  outright.  The  following  experiment  was  dene 
to  test  this  point.  To  30  c.c.  volume  of  sterile  hay  culture  the 
necessary  amount  of  quinine  and  quinidine  was  added,  so  that  each  c.c.  of 
the  culture  contained  a  definite  amount  of  anhydrous  base.  Nineteen 
cultures  ranging  from  concentrations  of  1-10000  to  1-1000000  of 
anhydrous  base  were  put  up  for  each  alkaloid. 

The  cultivation  was  done  in  crystallising  capsules  cf  40  c.c.  capacity 
and  covered  with  a  watch  glass  to  prevent  evaporation.  A  definite 
volume  (20  cmm.)  of  stock  culture  of  paramecium  waa  used  for  each 
insemination.  Three  counts  were  made  on  this  volume  of  culture  and 
the  actual  number  of  paramecium  found  were  4'">,  4^.  46  or  an  c.venige  of 
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47   Paramecium  per  20   cmm.     The  result  is  shown  in    the   following 
tables : — 


Reading  taken  on  the  12th  day  :- 

- 
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+ 
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+ 
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1 
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+  signifies  all  dead.  The  numbers  300  and  over  are  the 
calculated  number  present  in  each  culture,  arrived  at  by  coimting 
100-200  cmm.  of  culture.  Control  =  6540  organisms  in  the  30  cc.  of 
culture. 

On  the  fifth  day,  the  lethal  concentration  for  quinine  was  1-33000 
and  for  quinidine  1-100000.  On  the  12th  day  the  lethal  concentration 
for  quinine  was  1-50000  and  for  quinidine  1-166000.  In  the  control 
culture,  seven  divisions  had  occurred  during  the  12  days  which  produced 
about  6000  individuals  in  the  30  cc.  of  culture.  The  multiplication 
rate  of  the  paramecium  under  these  conditions  was  hindered  at  a  con- 
centration of  1-200000  and  1-250000  for  quinine  and  quinidine 
respectively. 

The  cultivation  of  Paramecium  feom  lethal  and  sub-lethal 
concentrations . 

We  have  seen  that  in  strong  concentrations  the  absorption  time  of 
quinine  and  quinidine  is  almost  instantaneous.  It  was  necessary  to 
find  out  whether  the  paramecium  could  sm-vive  after  being  in  contact 
with  lethal  and  sub-lethal  concentrations  for  a  short  time,  then  taken 
out  and  placed  in  a  fiesh  culture  medium.  The  followmg  experimentr 
were  devised  to  show  these  points  : 

(A)  The  cultivation  of  paramecium  jrom  sub-lethal  concentrations. 
In  this  experiment  the  difi'erent  concentrations  of  quinine  base  were  put 
up  with  1  cc.  of  stock  culture  in  three  series  of  tubes.     The  first  named 
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'  Culture  '  was  the  control.  The  second  '  CO..  and  Air, '  in  these  t«at 
tul>es  the  eulture  and  alkaloid  were  first  allowed  contact  for  5  minutes 
and  then  COj  was  blown  into  the  tubes  for  20  seconds.  The  third  .set 
'  CO  •  sealed  '  was  treated  as  two  but  the  test  tubes  were  sealed  up 
with  wax.  The  tubes  were  read  after  20  hours  with  the  following 
result  :— 


(^X),  and  Air 
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+  ^  - 
+      + 
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|-  I 
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+     +    +  1  + 
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C'tiiiceiit  nit  lull 
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-f-  signifies  dead,  —  =  alive.  Control  '  sealed  up  '  were  all  dead. 
The  cultures  marked  with  *  contained  live  paramecium  as  well 
as  a  number  killed  by  the  alkaloid,  a  few  of  the  livbg  ones  were  taken 
out,  well  washed  in  a  sterile  medium  and  then  uiseminated  in  some  fresh 
it«rile  hay  infusion.  The  paramecium  taken  from  the  three  air  cultures, 
1-40000,  1-GOOOO  and  1-8(X)00,  all  multiplied  in  the  new  medium.  The 
Paramecium  taken  from  the  first  and  third  CO.  air  cultures  at  concen- 
trations of  1-12IJ00,  1-16000  survived  and  multiplied.  -V  GO.  atmosphere 
alone  was  toxic  to  paramecium. 

(B)  The  rnJtivdtion  of  paramecium  from  letluil  concentrations. 
A  sensitive  culture,  which  had  been  exposed  to  air  for  some  time,  was 
mixed  with  a  l-l'XXHX)  quinidine  and  this  concentration  was  found  to  kill 
in  4  hr».  35  mins.;*  5  hrs.  15  mins.;  5  hrs.;*  5  hrs.  30  mins.,  an  average 
of  5  hrs.  5  mins.  After  two  hours"  contact,  eight  paramecium  were  taken 
from  the.se  cultures  marked  with  an  asterisk,  and  washed  free  of 
quinidine.  On  the  seventh  day,  multiplication  had  occurred  in  both 
cultures. 

On  the  same  culture  1-20000  quinidine  was  found  to  kill  in  the 
following  time— 10  mins.  *  «.\  min.".,  8,';  mins.  *  « ,  1  mins.  After  two 
minutes'  contact,  eight  paramecium  were  taken  out  from  the  cultures 
marked  with  an  asterisk,  washed  and  planted  in  a  new  culture.  The 
cultures  were  sterile  a  month  after.  I  repeated  the  test  several  times 
and  it  was  impossible  for  the  paramecium  to  survivi-  an  immersion  in 
thete  strong  concentrations. 
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These  experiments  indicate  that — 
(a)  It    is    possible   to  cultivate    paramecium    from    sub-lethal 
concentrations,  if  they  are   washed  free   of  the  alkaloid. 
Altering  the  Ph  of  the  culture  by  the  addition  of  acids,  one 
can  cultivate  individuals   from  sub-lethal    concentrations 
that  would  otherwise  have  been  fatal. 
{b)  It  is  impossible  to  cultivate   paramecium  that  have  passed 
through  strong  concentration  (i.e.,  above  the  range  which 
;    ;     ^         is  affected  by  the  Ph  of  the  culture). 

Conclusions. 

(I)  The  variations,  in  the  dose  and  death  time  of  this  selected 
strain  of  paramecium,  are  due  to  alterations  in  the  hydrogen  ion  con- 
centration of  the  culture  media. 

(II)  The  hydrogen  ion  concentration  of  these  cultures  varied 
mainly  with  the  presence  or  absence  of  CO2  in  the  media.  The  COj 
is  produced  by  the  paramecium  or  bacteria  present.  A  deep  culture 
with  a  small  surface  exposed  to  air  becomes  more  and  more  acid,  whilst 
a  shallow  culture  with  a  large  air  surface  becomes  alkaline  in  a  few  hours. 

(III)  An  individual  resistance  of  the  paramecium  is  also  observed 
in  these  tests,  but  the  error  can  be  neglected  if  a  large  number  of 
individuals  are  used. 

(IV)  When  paramecium  are  put  in  strong  concentrations  1-100 
to  1-1000  the  absorption  time  is  instantaneous,  indicating  that  quinine 
rapidly  penetrates  the  cell  membrane. 

V)  The  toxic  concentrations  of  these  alkaloids  have  three  definite 
ranges,  viz:  - 

(n)  Certain  lethal  concentration,  where  the  alkaloidal  concen- 
tration is  too  toxic  to  be  influenced  by  alterations  in  the 
reaction  of  the  medium,  i.e.,  1-10000  or  stronger  with 
quinine  and  1-20000  or  stionger  with  quinidine. 

(b)  The  minimum  lethal  concentration  is  the  lowest  concentration 

necessary   to  kill  every  individual  and  varies  with  the  Ph 

of  the  culture.    Thus  at  a  Ph  of  7  the  M.L.  concentration 

^  is  1-10000  for  quinine   and  1-20000  for  quinidine,  and  at 

•  Ph  of  8  the  M.L.  concentration  is  1-70000  for  quinine  and 

1-100000  for  quinidine. 

(c)  Sub-lethal    concentrations    are    toxic  concentrations,    weaker 

than  the  roinimum  lethal  concentration  suflicient  to  retard 
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the  rate  of  multiplication,  but  not  toxio  enough  to  kill  all 
the  parauietiuni.  Thus  at  a  l',i  of  8,  in  concentrationa  of 
1-2000«.K)  ami  l-'i^^XXK)  with  quinine  and  quiuidine 
respectively,  multiplication  was  slowed  ;  below  these  limits, 
the  alkaloid  has  no  efiect  on  the  parameciuni. 

(VI)  The  dose  eath  time  test  is  a  bad  one  to  employ  for  these 
protozoa  owing  to  the  great  vaiiations  caused  by  the  CO2  content  of 
these  cultures. 

(VII)  The  dextrorotatory  cinchona  alkaloids,  with  the  exception 
of  cinchonine,  are  more  toxic  to  these  ciliates  than  their  l.TVorotatory 
isomeridos.  The  order  of  toxicity  is  as  follows.  Ethyl  hydro-cupreidine, 
Ethyl  hydro-cupreine  (optochin),  quiuidine,  cinchonidine,  quinine,  and 
cinchonine.  The  corresponding  liydro-alkaloids  are  slightly  less  toxic  to 
Paramecium  than  the  natural  alkaloid. 

(VIII)  Paramecium  can  always  be  cultivated  from  sub-letha 
concentrations  ;  but  in  lethal  concentrations  their  survival  depends 
largely  on  the  Ph  of  the  culture.  The  passage  of  paramecium  through 
certain  lethal  concentrations  is  always  fatal  owing  to  the  rapid 
absorption  time  even  though  they  be  removed  and  washed  free  of  the 
alkaloid. 

The  Appucation  of  these  Result.s  to  the  Treat.me.\t 
OF  Malarial  Fevers. 
On  whatever  forms  of  animal  life  a  toxic  (rug  is  tested,  the  toxicity 
depends  largely  on  the  size  of  the  dose  given,  and  the  method  of  adminis- 
tration. The  actual  lethal  dose  varies  with  the  species  and  size  of  the 
animal.  Clinically  we  know  that  in  malarial  fevers,  a  single  dose  however 
large  (30  to  90  grains)  is  not  sufficient  to  permanently  cure.  Therefore 
the  concentration  of  alkaloid  circulating  in  the  blood  must  be  under 
"  the  certain  lethal  limit  "  otherwise  a  large  dose  should  kill  all  the 
parasites.  The  concentration  of  quinme  found  in  my  blood  by  King, 
1920,  after  taking  a  single  dose  of  20  grains  of  sulphate  was  1-150000 ; 
after  10  grains  1-250000  ;  after  5  grains  1-378000,  this  represented  about 
3%  of  the  quinine  ingested.  We  know  that  smtdl  doses  1-3  grains  are 
insufficient  to  control  fever,  as  the  concentration  attained  in  the  blood 
l-50000f)  or  less  is  probably  non-toxic  to  the  parasites.  A  cure  in 
malarial  fever  only  occurs  after  the  treatment  has  been  contuiucd  for 
some  time  (3  to  6  weeks),  i.e.,  if  the  quinine  concentration  in  the  blood  has 
been  maintained  between  these  limits  of  1-150000  and  1-25000(J.     Wu 
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know  that  when  patients  are  placed  on  a  course  of  30  grains  of  quinine, 
the  parasites  rapidly  disappear  from  the  peripheral  blood.  Acton,  1920, 
calculated  the  rate  of  destruction  for  each  cycle  of  the  benign  tertian 
parasite  to  be  over  90°  o  of  the  parasitic  population,  so  quinine  is  probably 
acting  on  the  malaria  parasite  in  sub-lethal  concentrations.  With  Para- 
mecium, if  the  alkaloid  is  allowed  to  act  on  the  ciliate  for  several  days, 
death  occurf-  at  a  lower  concentration,  i.e.,  1-100000,  whilst  multipli- 
cation is  slowed  in  dilutions  of  1-250000.  Quinine  circulates  in  the 
blood  as  a  base,  i.e.,  an  alkali,  and  as  such  cannot  dialyse  through  a  collo- 
dion membrane.  For  this  reason  it  probably  does  not  penetrate  the 
erythrocyte  membrane.  There  is  clinical  evidence  in  support  of  this  view, 
for  if  quinine  is  given  some  time  after  the  rigor,  the  parasites  are  seen  in 
the  red  blood  cells  and  the  next  attack  is  not  prevented,  indicating  that 
the  interior  of  the  erythrocyte  is  quinine  free.  The  malarial  parasite 
is  a  htemosporidian  and  lives  in  the  red  blood  cell,  only  leaving  it  when 
the  corpuscle  ruptures,  to  cross  the  plasma  and  attach  itself  to  another 
cell.  We  know  that  quinine  acts  most  intensively  on  the  merozoites, 
less  on  the  trophozoites,  and  least  on  the  schizonts  and  gametocytes. 
King  and  myself  found  the  distribution  of  quinine  to  be  the  same  in  the 
plasma  as  in  the  corpuscles.  This  evidence  seems  to  point  to  the  fact 
that  quinine  in  certain  concentrations  destroys  the  merozoites  either  as 
they  enter  the  plasma  or  whilst  attached  to  the  erythrocytes.  There 
are  therefore  two  main  physical  conditions  concerned  in  the  destruction 
of   the   malarial   parasite  by  quinine  or  other  ciachona  alkaloids,  viz., 

(A)  CONCENTRATION. 

(B)  ACCESSIBILITY. 

With  Paramecium,  we  saw  that  in  sub-lethal  concentrations  the 
protozoa  could  be  successfully  cultivated  if  taken  out  and  washed  free  of 
the  quinine  ;  in  lethal  concentrations  the  successful  cultivation  depended 
on  thePn  of  the  cultures.  In  lethal  concentrations  above  the  Ph  range 
the  Paramecium  invariably  died.  In  1920  I  pointed  out  that  multi- 
plication of  the  benign  tertian  parasite  must  occur  in  spite  of  treatment. 
For  if  the  concentration  of  quinine  present  in  the  plasma  or  on  the 
corpuscles  was  not  sufficient  to  kill  all  the  merozoites,  they  could  enter 
a  quinine-free  area,  i.e.,  the  interior  of  the  erythrocyte,  and  there 
continue  multiplying  untU  the  next  generatiMi. 

I  found  that  the  Ph  of  the  Paramecium  ciiltures  made  a  great  deal 
of  difference  in  the  concentration  required  to  kill  these  cUiates.  In  a 
culture  of  Ph  7  the  concentration  required  to  kill  was  a  1-10000  quinine 
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but  a  1-70000  dilution  killed  in  a  culture  of  Ph  8.     Lovatt-Evans  esti- 
mated the  Ph  of  the  portal  and  carotid  blood  of  a  cat  for  me,  ho  found 
the  portal  blood  to  be  Ph  7  •22  and  the  carotid  blood  Pa  7  35.     Alter 
55  minutes  of  aniesthesia  the  blood  was  more  venous  in  colour,  the  iliac 
vein  blood  was  now  Ph  7  12  and  the  carotid  blood  7  14.     During  the 
aksorptiou  of  food  from  the  intestines,  one  would   exixnt   the    portal 
blood  to  be  more  acid  than  the  systemic  blood.    During  the  absorption 
of  quinine  from  the  mtestmes,  the  concentration  of  quinine  base  would 
be  greatest  in  these  veins.     We  know  that  the  malarial  parasites  differ 
from  each  other  as  regards  their  site  of  multiplication.     The  malignant 
tertian  parasites  multiply    in    the    deeper    vessels,    i.e.,   mesenteric ; 
and    in    heavy    infections,    spondation    may   occur    in    other    sites, 
e.g.,    bram    capillaries.     Schi^onts  are    rarely  seen  in  the   peripheral 
blood.    The    benign  tertian  parasite  mutiplies  anywhere  in  the  blood 
stream,  and  schizonts  are  usually  found  in  the  peripheral  blood  before  the 
attack  of  fever,  whilst  in  quartan  infections  schizonts  are  numerous  and 
invariably  found  in  the  peripheral  blood.    The  sterilizing  value  of  quinine 
in  these  three  infections  varies  in  the  following  order  of  efficiency,  W'o  or 
over  of  cures  in  malignant  tertian   uifectious,  25%  in  benign  tertian 
bfections,  and  15  to  20%  in  quartans.     The  higher  concentration  of 
quinine  in  the  portal  vessels  acting  on  the  site,  where  inerozoites  are  set 
free,  may  possibly  be  the  factor  concerned  with  the  enhanced  rate  of  cures 
in  malignant  tertian  infections.     If  this  factor  was  the  only  one,  we 
would    expect    in    benign,    tertian  and   quartan    infections    that    the 
intravenous    and    intermuscular   methods  of  giving  quinme  to  be  more 
efficacious  than  the  oral  method,  but  there  is  no  difference  in  the  way  that 
quinine  is  administered.     Quinine  in  malignant  tertian  infections  acts 
directly  on  the  site  of  multiplication  in  as  strong  a  concentration  as  is 
possible  in  the  blood  stream,  but  m  a  more  acid  blood.     Whether  the 
concentration  of  the  alkaloid  or  the  Ph   of  the  blood  plays  the  major 
share  in  bringing  about  the  remarkable  sterilizuig  eilcct  of  quinine  in 
this  infection  remains  to  be  still  proved.    What  paramecium  do  in  acid 
or  alkaline  cultures  is  no  indication  what  the  malarial  parasite  will  do 
under  similar  conditions.     The  solution  lies  in  makijig  observations  on 
the  Pb  and  quinine  content  of  the  blood  of  patients  undergoing  treat 
ment ;  as  well  as  estimating  the  variations  in  the  Pu  of  the  portal  blood 
in  animals  during  the  course  of  digestion.     There  may  be  something 
in  the  old  established  practice  of  giving  alkalies  or  magnesium  sulphate 
with  quinine,  thereby  reducing  the  acidity  of  the  portal  blood,  and 
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permitting  quinine  to  be  lethal  to  the  malaria  parasite  in  a  weak 
concentration  of  1-250000  or  less  such  as  are  attained  during  the 
course  of  treatment. 
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Ox  two  occasiqps  (August,  1914  and  August,  1915)  I  had  the 
opportunity  of  examining  smears  from  the  blood  and  organs  of  two 
liedgehogs  {Erinaceus  sp.)  at  Kohat,  North-West  Frontier  Province,  and 
on  both  occasions,  the  animals  were  found  to  be  infected  with  a  species 
of  piroplasm. 

The  parasite  was  almost  certainly  that  described  by  YakiniofP(') 
in  the  hedgehog  (Erinaceus  curopaeus)  from  Saratow  in  Russia 
and  called  by  him  Piroplasma  niiiense,  Yakiniof!,  1909.  A  similar 
parasite  was  described  by  Galli-Valerio(2)  in  blood  smears  from  a 
hedgehog  (Erinaceus  algirus)  from  Tunis,  which  he  thinks  is  probably 
the  same  as  the  species  described  by  YakimoS,  but  if  it  turns 
out  to  be  a  different  species,  he  wishes  it  to  be  called  Piroplasma 
weissi. 

In  neither  of  the  animals  from  Kohat  was  the  infection  severe.  The 
parasites  were  found  in  smears  from  tlie  blood,  liver,  spleen  and 
bonemarrow  and  were  most  numerous  in  the  spleen  smears. 

The  blood  smears  showed  a  well-marked  polychromasia,  but  there 
was  no  very  evident  poikilocytosis  although  the  rcil  blood  cells  showed 
coiuiiderable  variations  in  size.  (Figs.  27  and  30,  I'late  XXVll.) 
(     309    ) 
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Normoblasts  were  present  in  the  blood  in  fair  numbers  and  'Howell- 
Joliy  bodies  '  were  present  in  spleen  smears. 

The  Parasites. 

The  ijarasites  occurred  in  the  red  blood  cells.  Yakimoff  described 
parasites  in  erythroblasts,  but  none  were  found  in  this  situation  in  my 
cases,  possibly  because  the  infections  were  not  severe. 

Apart  from  the  'division  rosettes,'  usually  only  one  jjarasite  was 
found  in  a  cell,  but  occasionally  more  were  present.  (Figs.  7,  and  35—37, 
Plates  XXVI  and  XXVII.) 

Both  Yakimoff  and  Galli-Valerio  described  jiarasites  free  in  the 
blood,  but  only  on  one  occasion  was  I  able  to  find  a  definite  free 
parasite. 

When  stained  with  Giemsa's  stain,  the  protoplasm  took  on  a  blue 
colour  and  was  more  condensed  and  deeply  stained  at  the  periphery 
while  there  was  usually  a  lighter  area,  often  unstained,  in  the 
neighbourhood  of  the  nucleus.  The  p)rotoplasm  was  voluminous  in 
comparison  with  the  nucleus,  especially  in  the  larger  forms. 

In  some  of  the  parasites  the  protoplasm  had  an  irregular  outline, 
these  irregularities  were  probably  due  to  the  amoeboid  activity  of  the 
l>arasites.     (Figs.  33  and  34,  Plate  XXVII.) 

The  nucleus  stained  a  deep  carmine  red  and  consisted  of  a  solid 
mass  of  chromatin  usually  round  in  shape  but  becoming  elongated 
in  the  dividing  forms.  The  position  of  the  nucleus  was  usually 
Ijeripheral,  but  in  a  few  rare  cases  it  was  central.  (Figs.  35  and  37 
Plate  XXVII.) 

The  intracellular  parasites  may  be  divided  into  (1)  small-sized 
forms,  (2)  intermediate-sized  forms  and  (3)  large-sized  forms — 

(1)     Small-sized  intracellular  parasites  : 

These  occur  in  three  shapes,  (a)  ringshaped,  (ft)  oval  and  (c)  elonga- 
ted or  rod-like  forms. 

(ff)  The  ring  forms  were  of  the  '  signet -ring  '  type  and  varied  in 
size  from  07/n  to  1/n  in  diameter.     (Figs.  1  and  2,  Plate  XXVI.) 

They  usually  occurred  singly  in  a  corpuscle  but  may  be  accompanied 
by  other  forms.     (Fig.  37,  Plate  XXVII.) 

(6)  The  oval  or  oat-shaped  forms  measured  about  l/u.  long  by 
O'Sft  broad  (Figs.  3  and  4,  Plate  XXVI).  This  was  the  common 
type  in  '  division  rosettes.  "  (Figs.  27-30,  Plate  XXVII).  In  some  cases 
one  end  was  more  pointed  than  the  other,   but   the  typical  piriform 


Explanation  of  Plate  XXVI 

The  figures  were  drawn  with  an  Abb«  comera-luoicla,  using  a  Lcitz  ^y" 
apochromatic  objective  with  n  Zeiss  No.  12  foin])enaatinf;  ooulnr.  Magni- 
fieatjon  about  2500  times. 

All  the  figures  were  stained  with  Giemsa's  stain  except  (igf.  31  -'M. 
whirh  were  stained  with  Leishnian's  stain. 

Figures  1,  2,  5,  10,  11,   13.  15,    18,  19,    22,  23  and   28  are  (roni    blood 
smears  ;  figs.  3,  4,  11.  and  29  are  from   bonemarrow  smears  ;  fi^s.   31  to  .31 
are  from  liver  smears,  and  the  remaining  figures  from  si)l('<>n  smears. 
Figs.   1  and  2.     Small  ring  forms. 
„      3  and  4.     Small  oval  forms. 
,,      5  and  6.     Small  rod-.shaped  forms. 
Fig.     7.     Two  intermediate-sized  ring  forms  in  the  same  cell. 

8.     Intermediate-sized  ring  form. 
Figs.   9  to  11.     Intermediate-sized  oval  forms. 

12  and  13.     Intermediate-sized    rod-shaped     forms    of    which 
fig.  13  shows  commencing  division  of  the  nucleus  and  proto- 
plasm. 
,,     Hand  15.     Large  ring  forms. 
,,     16  and  17.     Large  oval  forms. 
„     18  and  19.     Large  rod-shaped  forms. 
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(wrasites  with  the    nucleus   at  the   broad. end  as  soon   in  tlio  goiuis 
Piroplasma  (Babesia)  were  very  rarely  found. 

(c)  The  elongated  and  rod-shaped  forms  resembled  the  oval  forms 
but  were  more  elongated.  This  type  was  rare.  (Figs.  5  and  6, 
Plate  XXVI.) 

(2)  Intermediate-sized  intracellular  parasites  : 

All  gradations  between  the  very  small  forms  and  the  large  forms 
were  found.  They  also  occurred  in  the  same  variety  of  shapes,  i.e.,  round, 
oval  and  rod-like.     (Figs.  7—13,  Plate  XXVI.) 

The  oval  forms  tended  to  be  rather  piriform  with  the  nucleus  at  the 
sharper  end.  Never  more  than  two  of  this  size  of  parasite  were  noted  in  a 
ceU.     (Figs.  7,  35  and  36,  Plates  XXVI  and  XXVII.) 

(3)  Large  intracellular  parasites  : 

The.se  occurred  in  the  same  variety  of  shapes  as  the  other  two  sizes  of 
parasite. 

('/)  The  ring  forms  were  about  2u  in  diameter.  (Figs.  14  and  15, 
Plate  XXVI.) 

(h)  The  oval  forms  were  intermediate  in  shape  between  the 
ringshaped  and  the  elongated  forms.     (Figs.  16  and  17,  Plate  XXVI.) 

Some  showed  a  more  or  less  piriform  outline  with  the  nucleus  at 
the  sharp  end.     (Fig.  17,  Plate  XXVI.) 

(c)  The  elongated  forms  corresponded  to  the  '  cigar-shaped  "  iorma 
of  Yakimofl.  Some  of  them  measured  3ft  long  by  I5fi  broad.  These 
forms  were  possibly  due  to  the  amoeboid  action  of  the  parasite. 
(Figs.  18  and  19,  Plate  XXVI.) 

These  large  forms  seem  larger  than  those  described  by  Yakiniof!  and 
Galli-Valerio. 

(4)  Free  forms  of  parasite  : 

Both  Yakimoff  and  Galli-Valerio  described  free  forms  as  occurring, 
but  on  only  one  occasion  was  a  free  form  found  in  the  specimens  from 
Kohat.     (Fig.  20,  Plate  XXVII.) 

It  is  possible  that  the  higher  degree  of  infection  made  these  forms 
commoner  in  their  cases  or  that  the  more  severe  ana?niia  in  their  ca.ses 
made  the  erythrocj-tes  more  fragile  and  so  parasites  were  liberated  from 
red  cells  burst  in  making  the  preparations. 

Galli-Valerio  figured  an  elongated  free  form  which  he  .states  '  appeal  s 
to  represent  a  gamete  '  but  in  smears  from  the  spleen  and  bonemarrow 
of  my  cases  I  have  seen  bodies  of  a  somewhat  similar  type  which  appeared 
to  be  blood  platelets  or  portions  of  tissue  cells. 
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(5)  Division  forms : 

Among  both  the  intermediate  and  large-sized  parasites,  forms  are 
found  in  which  the  nucleus  clearly  shows  commencing  division  (Figs.  23 
and  24,  Plate  XXVII)  and  elongated  types  of  nuclei  intermediate 
between  this  division  form  and  the  typical  round  nucleus  were  found 
(Figs.  21  and  22,  Plate  XXVf  I).  In  some  of  the  parasiiesthe  protoplasm 
was  also  seen  to  be  forked.  In  the  smaller  forms  this  was  possibly  due 
to  amoeboid  action  (Fig;.  31  and  32,  Plate  XXVII),  but  in  the  larger 
forms  it  was  sometimes  accompanied  by  elongation  or  commencing 
division  of  the  nucleus  (Fig.  22,  Plat^  XXVII). 

The  '  cross-forms  '  of  division  characteri.stic  of  the  genus  NuUalUa 
were  found  on  tv/o  occasions  (Figs.  25  and  26,  Plate  XXVII). 

'  Division  rosettes  '  consisting  of  four  small  parasites  were  found 
in  smears  from  the  blood,  spleen  and  bonemarrow  (Figs.  27 — 29, 
Plate  XXVII )  and  on  one  occasion  a  rosette  of  five  was  found  (Fig.  30, 
Plate  XXVII.) 

Galli-Valerio  described  pairs  of  piriform  parasites  occurring  in  his 
specimens  '  exactly  like  Piroplasma  higeminum  and  Piroplasma 
canis,'  but  in  spite  of  a  careful  search,  I  have  never  found 
such  forms,  and  Yakimofi  also  noted  the  absence  of  such  forms 
from  his  cases.  It  would  seem  that  Galli-Valerio  was  either  dealing 
with  a  different  parasite  of  the  genus  Piroplasma  (Babesia)  or  that  his 
case  was  a  mixed  infection  with  parasites  of  both  the  genus  Piroplasma 
and  the  genus  Nuttallia. 

From  the  above  description  it  will  be  seen  that  the  parasite  under 
consideration  belongs  to  the  genus  Nuttallia,  Franca,  1909,  showing  the 
large  and  small  round  forms,  the  large  and  small  oval  forms,  the  large 
and  small  rod-shaped  forms,  the  '  cross-form  '  of  division  and  the 
'  division  rosettes  '  of  four  characteristic  of  that  genus. 

Pathogenicity. 

On  account  of  the  resemblance  of  this  parasite  to  Nuttalli  equi  the 
parasite  of  equine  piroplasmosis  it  was  important  to  ascertain  the 
infectivity  of  this  parasite  because,  if  the  two  parasites  were  found 
to  be  identical,  the  hedgehog  might  be  acting  as  a  reservoir  for 
infections  with  Nuttalli  equi.  Yakimoif  injected  infected  blood  from 
a  hedgehog  into  a  foal,  a  pup,  two  rabbits,  two  white  mice,  a  field 
mouse,  two  porpoises  and  two  doves  with  negative  results. 
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Ex?LAXATION    OF   Pl.ATE   XX\  II 

Fig.    20.    Free  form  of  parasite. 

Figs.    21    and  22.     Showing    elongation  of    tlie    nucleus    prior   to 
division. 

„     23  and  24.     Showing  division  of  the  nucleus  into  two  parts. 

,,     25  a'nd  26.     '•  Cros-s-forms  "  of  division. 

,,     27  to  30.     "  Division  rosettes." 

„     31  and  32.     Showingearly  division  of  the  protoplasm  or  po-sniMy 
amoeboid  action. 

„     33  and  3-t.     Amoeboid  forms. 
Fig.     35.     Intermediate-.sizcd  parasites  with  central  niirlei. 
Figs.  36  and  37.     Cells  containing  multiple  parasites. 
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Yakimoff  found  ticks  belonging  to  the  genera  Ripicephalus  and 
Dermacentor  as  ectoparasites  on  the  hedgehogs  he  exaniined  and,  from 
some  transmission  experiments  which  he  made,  thotijjht  that  the  nymphs 
of  Dermacentor  reticulaltis  might  be  the  possible  carriers  of  the  infection 
in  hedgehogs  in  Russia. 

Galli-Valerio  thought  that  in  Tunis  it  might  possibly  be  carriid  by 
Amblyomnia  lariegulum.  No  ectoparasites  were  found  on  the  two  infected 
hedgehogs  examined  by  me,  but  this  might  have  been  due  to  such 
parasites  having  left  the  dead  bodies,  which  were  not  seen  by  me 
unfortunately  until  some  hours  after  death  had  taken  place. 

My  thanks  are  due  to  the  London  School  of  Tropical  Medicine  for 
affording  me  facilities  for  working  in  the  laboratories  there  and  to 
Dr.   J.  Gordon  Thomson  ft  r  much  help  and  advice. 
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A  NOTE  appeared  in  the  Lancet  by  E.  T.  Thompson  (1910)  of  the 
Wellcome  Physiological  Research  Laboratories  on  the  desiccation  of 
culture  media  and  the  advantages  of  having  at  disposal  medium  which 
could  be  rapidly  prepared  and  utilized  strictly  in  the  amounts  necessary 
for  immediate  requirements.  The  marked  success  of  commerc  ial  nutrient 
medium  tabloid,  and  nutrient  medium  powders  is  testimony  to 
the  utility  of  this  process.  The  process  as  described  by  Thompson 
consisted  in  evaporation  of  the  prepared  media  to  dryness.  The  same 
procedure  was  applied  to  the  ordinary  stock  medium  and  to  special 
media  alike.  Mrs.  Norris  (1920),  working  at  the  Central  Research 
Institute,  obtained  a  digest  product  from  casein  which  when  evaporated 
to  dryness,  possessed  all  the  properties  and  convenience  of  a  nutrient 
bouillon  powder.  In  our  search  for  means  by  which  we  might  provide 
supplies  of  the  necessary  materials  for  bacteriological  work  ready-made, 
we  have  utilized  the  property  possessed  by  agar-agar  and  gelatin  of 
imbibing  fluid,  to  enable  us  to  desiccate  nutrient  media  in  a  comparatively 
easy  manner.  The  essential  point  of  the  procedure  was  to  get  a  nutrient 
agar  which  could  be  satisfactorily  passed  through  an  ordinary  meat 
mincing  machine.    It  was  a  very  easy  matter  then  to  dry  the  vermicular 
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product  which  came  through  the  disc  of  the  mincing  machine.  The 
mincing  renders  the  whok*  product  particulate  and  thus  cuormously 
increases  the  free  evaporation  surface  upon  which  the  desiccating  process 
operates.  The  idea  of  utilizing  minced  agar  for  the  purpose  has  been 
taken  from  the  pubUshed  note  of  Major  J.  Cunningham,  i.m.s.,  on  the 
desiccation  of  filtered  agar  for  addition  to  bouillon  in  order  to  solidify 
it  (1919).  During  the  war  the  subject  of  provision  of  bacteriological 
materials  received  considerable  attention.  UhleiUiurh  and  Messerschmidt 
(1915)  proposed  the  use  of  tinned  nutrient  media,  as  being  particularly 
suitable  for  use  in  the  field.  A  similar  method  was  in  use  in  the  Central 
Research  Institute,  Kasauli,  before  the  war,  and  doubtless  in  other 
laboratories  also,  only  that  the  nutrient  medium  was  supplied  in  the 
nibber-washered,  spring-topped,  milk  bottles  which  are  used  for  the 
transport  of  sterilized  milk.  In  this  way  also  the  media  essential  for 
satisfactory  work  in  a  bacteriological  laboratory  can  be  supplied  ready 
made,  and  so  save  the  worker  the  labour  of  their  preparation.  But 
such  media  are  much  more  bulky  and  are  likewise  more  liable  to 
spoiling  by  contamination  than  a  desiccated  medium.  Thompson,  in 
the  article  mentioned  above,  desiccated  his  special  media  after  they 
had  been  prepared.  Our  object  is  to  supply  only  a  desiccated  ordinary 
nutrient  agar  or  gelatin  and  to  make  up  special  media  by  first 
mixing  the  special  ingrcilients,  if  possible,  in  the  dried  form  with  the 
dried  nurrient  powder  and  then  bringing  them  all  into  solution 
together  to  constitute  a  sjiecial  medium.  In  this  preliminary 
discussion  no  mention  has  been  made  of  a  dried  nutrient  bouillon 
The  dried  nutrient  agar  can,  however,  be  utilized  to  prepare  a  nutrient 
bouillon.  In  that  case  the  agar  has  to  be  rejected,  being  utilized 
only  to  facilitate  the  desiccation  of  the  bouillon. 

1.  Methods  OF  Preparation. — 11.  Nutrient  Agar  Powder.  (1) 
Use  a  tryptic  digest  of  mutton  bouillon  with  reaction  p.  H.  8  as  basis 
for  the  preparation  of  nutrient  medium.  (2)  Cut  up  agar  fibre  into 
small  pieces.  (3)  Add  to  the  bouillon  to  the  extent  of  6  per  cent  by 
weight.  (4)  Place  the  mixture  so  prepared  for  one  hour  in  the  autoclave 
at  120  C.  to  thoroughly  melt  the  agar.  (5)  Filter  the  bouillon  agar  so 
obtained,  in  the  autoclave,  through  cotton  wool  and  muslin,  into  a  tin 
receptacle.  (6)  Cut  the  agar  out  of  the  receptacle  and  into  slices.  (7) 
Pass  the  slices  through  a  meat  mincing  machine  with  a  finely 
perforated  outlet  disc.  (8)  Spread  the  minced  nutrient  agar  on  metal 
or  other  type  of   trays.  (9)  Dry  in  a  hot    air  oven  *  or  in  any  other 


366  Desiccated  Nutrient  Media. 

way  which  is  rapid  antl  convenient.    (10)   Store  the  powder  ^  obtained 
in  a  sterile  glass  stoppered  bottle. 

Notes. — '  Mutton  was  what  wp  cxjjprimented  with  ;  beef,  or  perhaps  better  still 
casein,  would  be  still  more  suitable.  -  Various  percentages  (by  weight)  were  used  : — 
4,  6,  8  and  10  per  cent.  The  4  per  cent  addition  afforded  a  gel  which  was  rather  .soft  for 
mincing.  TheSand  lOpercent  gels  wcredifticult  to  filter.  '  The  reaction  now  is  p. H,  7-4 
to  7'6.  *  The  oven  used  by  us  was  one  in  which  heated  air  passed  over  metal  tiays  and 
out  through  a  flue.  In  the  flue  the  temperature  reached  about  lOOC.  The  process 
then  was  not  one  of  drying  only  but  also  of  dry  heat  sterilization.  Desiccation  could 
be  effected  at  a  lower  temperature  and  vacuumization  combined  with  heat.  '^  The 
coarse  flaky  powder  may  be  made  finer  by  grinding. 

1-2.  Nutrient  Agar  Medium.  (1)  Add  4  to  6  per  cent^  by  weight 
of  nutrient  agar  powder  to  water  in  test  tubes  or  flasks.  (2)  Keep  the 
T.T.  for  1  to  2  hours  in  boiling  water  or  in  a  steam  sterilizer  to 
bring  the  medium  into  solution,  and  to  sterilize.  (3)  Slope  the  test 
tubes. 

Notes. — ••  This  was  the  percentage  which  after  trial  of  various  strengths  was 
found  to  be  most  satisfactory. 

rs.  Nutrient  Bouillon  (1)  Add  6  per  cent  by  weight  of  nutrient 
acrar  powder  to  cold  water  (2)  Extract  at  room  temperature 
for  2  hours.  (3)  Filter.  (4)  Sterilize  the  filtrate  and  use  as  nutrient 
bouillon. 

1'4.  Neutral  Red  Lactose  Bile  Salt  Agar.'  (1)  Prepare : — 
sodium  taurocholate  0'5  ;  nutrient  agar  powder  4  ;  distilled  water  100. 
(2)  Efiect  solution  in  the  si;eamer.  (3)  Prepare  fresh  a  1  per  cent 
neutral  red.  (4)  Add  to  the  fluid  sodium  taurocholate  agar  0'2 
to  0'5  per  cent  of  the  neutral  red  solution,  and  1  per  cent  lactose. 
(5)  Effect  solution'  of  the  lactose  by  gentle  heating.  (6)  Distribute 
in  test  tubes.  (7)  Sterilize  20  minutes  at  lOOC  on  each  of  three  successive 
days. 

Notes. — '  This  medium  is  taken  as  an  example  of  the  preparation  of  special 
medium.  -  'i  he  lactose  may  be  added  in  the  form  of  a  strong  solution  and  may  be 
sterilized  separately  for  addition  to  the  medium  after  it  las  been  sterilized. 

2.  Comparative  Nutrient  Character. — The  nutrient  character 
of  the  prepared  medium  was  gauged  by  taking  a  rough  measurement 
(length  and  breadth)  of  the  growth  area,  suspending  the  growth  in  a 
volume  of  fluid  equal  in  c.c.  to  the  number  of  square  centimetres  of 
growth  and  estimating  from  the  turbidity  of  the  suspension  the  bacterial 
content  of  the  suspension.  This  bacterial  content  is  expressed  as 
milligrammes  of  dried  bacterial  substance  per  c.c.     The  comparison  was 
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made  between  dried  nutrient  agar  an<l  a  tryp  agar  made  from  miittori. 
The  results  were  as  follows  ;  - 

T.vnt^K 

Slinirtii'i   i/irM  in  inillii/ntinines  of  dried  bacterud  suhsliiiice  i>cr 
vy'/'iri'    ce.it iitif/n'    of    ijrowth    surjurc. 


Xiitriciit  agar 
powder. 


R.  typhosus 

V.  ol!olcr;c 

S.  aiirriis  . . 

B.  dysenteri.t  (Shiga) 


Oriliiinrv   try|i 
HSnr. 


There  is  no  evidence  as  judged  by  yield  of  rrrowth  that  there  is  any 
loss  of  nutrient  quality  by  a  nurrient  medium  undergoing  the  treatment 
here  described. 

:V  SfMMARY  .\XD  Disrr.ssiox.— :?.!.  The  utilization  of  agar  or 
gelatinto  absorb  nutrient  tiuid  medium,  with  .subsequent  mincing  greativ 
facilitates  the  desiccation  process  which  reduces  the  medium  t  o  j)owder. 

'^.^l  A  nutrient  fliiitl  medium  can  be  prepared  from  the  nutrient 
aiiar  jwiwder  by  extracting  with  water  in  the  cold  and  reject  int;  th,. 
iindi.ssolve<l  agar. 

.■'>..''i.  The  agar  which  is  utilized  to  ah.sorb  nnirieni  (liiiil  is  itself 
an  es.senfial  coastiiuent  of  solid  medium. 

;?.  I.  The  desiccated  medium  is  as  nnirieni  wIhii  made  up  as  the 
Ha?ne  medium  prepared  wiihout  desiccation. 

:$..■).  The  advantages  of  a  desiccated  nutrient  mcdiurii  are,  .'i-.")! 
portability  ;  :5  .')2  pre.servability  ;  and  "J^S  readiness  for  use. 

'^.C^.  With  the  solution  of  the  didicnity  of  provision  of  large  quant  i 
ties  of  nutrient  medium  in  small  bulk  it  may  be  said  that  the  problem 
of  the  portability  of  laboratory  ouifil  is  practicallv  solved.  The  special 
maierials  required  for  H|)ecial  media  can  be  supplied  in  t  heir  nal  iiral 
ilry  Slate  for  ulriinate  incorporation  with  simple  diied  medium. 

^5.7.  The  agar  method  might  also  be  a|>plied  to  other  laboratory 
aiipjilies  which  are  primarily  in  a  fluid  condition.  It  is  doubtful 
however  whether  there  would   be    nuich  advantage  in  ajjplying   the 
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method  to  the  desiccation  of  liigh  titre  agglutinating  and  hacmolytic 
sera  which  can  be  preserved  and  supplied  in  sealed  capillary  tubes 
in  i(uantities  which  serve  for  single  tests. 


15.  T.  Thompson 

D.  NORRLS 


J.    CUXINOHAM 


Uhlenhuth  and  Messer- 

SCHMIDT 
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STUDIES  IX  THE  VALUE  OF  THK 
WASSERMANN  TEST. 

No.  IV. 

SIOXIFIf'.\NTE  .\XD  VALUE  OF  A    PO.^TTTVE    WASSERMANN 
REACTION  1\  TUBERfri.OSlS. 


Captain  K.  R.  K.  IYENGAR,  M.n.,ch.n.,  D.r.n.,  t.m.s.. 
Aislxtetiil  Diirrlnr,  Coitml  Resntrch   ! nslihilr,  Kiisinili. 

[Roccivpfl  for  pnblication.  .\]iril   1-,   Ift.M.] 

The  sera  of  70  patients  sufferinji  from  tuberculosis  wore  examined 
by  the  Wassermann  test  with  the  object  of  finding  out  if  this  disease  was 
responsible  for  a  positive  reaction.  They  were  all  Indian  male  adults, 
between  the  ages  of  20 — ijO  years  ;  some  of  them  were  in-])atients  of  King 
E<lward  Siin.itoriiim,  Dharampur  and  the  others  iielonged  to  the  Hardinge 
Hospital.  Dharam])nr.  Of  these  70  cases,  10  were  cases  of  puliiionary 
tuberculosis,  14  were  cases  of  tuberculosis  of  the  lymphatic  glands,  and 
10  were  cases  of  abdominal  tuberculo.sis.  Fourteen  oui  of  these  70 
cases  gave  a  positive  Wassermann  reaction  as  shown  in  thi'  following 
table:  — 

Table 

Sliowiiifi  the  tifpe  oj  fhe  disease  and  the  results  of  Wnssermami  lf\st. 


Typfiif  cli'«cii<ic 

N'l'MBKK  OF  DOSKS  (»F 
COMPLF.MKNT  DEVIATED 

IS  THE  Wassermann 

BEACTIO.V. 

ASSEMUI.ED  BKSl'l  TS. 

Wassermann  reaction, 

0 

3 

6 

8 

Positive. 

Ncgotivp. 

Tot.il. 

I'lilmnnsry  Tubprciilosia. . 
Tuborculotiiit  of  thp  lym- 
phatic |>laiirli< 
AUIoniinal  iiibprciilogia  .. 

32 

11 
13 

U 

1 
0 

3 

1 
1 

5» 

1 
2 

8 

3 
3 

32 

11 
13 

40 
14 

lu 

The  percent  ige  of  positive  resiiltH   was  thus  20  per  cent. 

•3  r.iit  of  5  cases  gave  a  definite  history ^o'  recent  syiiliilitie  infection. 
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Buliinan  (Hil'i)  found  thai  2  out  of  the  35  tuliercular  cases  he 
e\-aiiiinofl  ftave  a  positive  Wasscrmann  reaction,  and  these  two  cases  nrave 
a  definiie  history  of  syphilis. 

2.  The  terlinique  cmployerl  lliroughout  this  investigation  is  the 
same  as  ■  ^leihod  Xuniber  Four  "'  elescribed  in  the  Medical  Research 
Committee  Report  (1918),  the  only  difference  being  the  inclusion  of 
further  controls  as  described  in  my  paper  (Study-  No.  1,  1019). 

In  view  of  tlio  fact  that  an  unselected,  apparently  healthy,  Indian 
male  adult  population  has  given  me  a  positive  Wa.ssermann  reaction  in 
88  cases  out  of  400,  or  22  per  cent  (Study-  No.  1,  1919),  I  infer  that  a 
figure  of  not  more  than  20  per  cent  occurring  in  an  unselected  Indian 
male  adult  population  suffering  from  tuberculosis,  must  be  due  to  the 
existence  in  this  ])opnlation  of  latent  or  clinically  inactive  svphilis. 

Conclusion 

Tnl)erculosis  is  not  a  cause  of  positive  Wassermann  reaction. 

I  wish  to  express  my  thanks  to  Lieut. -Colonel  W.  F.  Harvey,  c.i.e., 
I. M.S.,  Director,  Central  Research  Institute,  Kasauli,  for  ad^^ce  and 
criticism,  and  also  to  Dr.  Nanavate,  Medical  Officer,  King  Edward 
Sanatoriu7n,  Dharamp\ir,  and  to  Dr.  Kumar,  Medical  Officer,  Hardinge 
Hospital,  nharani]iur.  for  i)1acing  faciliries  at  my  disposal  during  this 
investigation. 

Nolr.  A  numlic?'  of  cases  of  relapsing  fever  occurred  in  Kasauli 
during  die  months  of  October  and  November  of  1920  and  I  was  able  to 
examine  the  sera  of  \~)  cases.  Twelve  of  these  were  Indian  male  adults 
between  the  ages  of  20—40  years  and  the  remaining  three  were  children 
between  the  ages  of  1  and  3  years.  In  all  these  cases,  films  were  examined 
for  the  spirillum  before  taking  the  blood  for  the  AVassermann  reaction 
and  the  findings  were  positive  in  all  the  cases.  Ten  out  of  the  twelve 
adults  and  all  the  Ihree  children  gave  a  ])Ositive  Wassermann  reaction. 

HKFRRKNOES. 

>  liniMAN.  T!.  ..  iniii.  Specificity  of  the  Wassermann  Reaction  ns  quoted  in 
Medicfil  lit'nenrch  Cnmniillce  Jleporf.  No.  21.  pp.  10-11 
(1918). 

■  lYKNriMt.  K.  R.  K.  iniO.  .Stuflies  in  Wassermann  Reaction,  No.  I.  Indinn  Jomiitil 
f./  Mnhr.il  J!f.enirh,  Vol.  VII,  No.  2. 


SOME  NOTES  ON  CONOKHIMS 

KUBROFASCIATUS; 

IDE  (iEEl-l). 


I',   i;.  AWATl,  B.A.  (Cauliib.),  d.i.c,  i-.ii.s., 
Maliv'jl  Eiilinnuloijitil. 

•Rcci-iVfJ  for  |iuUi(.U'.ioii,  Aiiiil  7,  I'Ji'l.) 

Tins  iiisi-fl  lia.s  unt  liitlierto  Ijeeii  n'|iini(.'(l  in  houses  in  Imlia  citliiT 
ill  tlic  larvul  or  ayiiipluil  stages,  i  Ik  lUgh  <i  few  ikIuK  spiMiiuciis  have  been 
captured  inside  lioiises.  It  has  been  stated  that  tliese  adult  s|)f(iiii''ii>j 
were  attracted  to  liglit  iu  the  uiglit  time  from  outside. (I ) 

Wliiie  searcliing  ia  Assam  for  bedbugs,  lice  and  other  biting  insects 
in  houses  infected  wit Ii  kala-azar  or  otherwise,  I  came  across  liie  first 
male  specimen  of  Conorhinus  in  a  bed  of  a  jMitieut  sutiering  from  fever. 
Since  then  I  liave  been  able  to  get  specimens  of  diti'erent  stages  of  this 
insect  iaside  houses  only,  in  various  villages  of  that  area  (I'alas  Bari). 
Therefore  tiie  presence  of  this  insect  inside  houses  is  noi  merely 
accidental. 

The  following  table  gives  detailed  information  of  various  catches 
made  of  the.se  specimens  in  houses  in  different  \'illage3  of  the  infected 
area. 

It  will  be  seen  that  all  the  specimens  of  L'ouorhinus  recorded  in 
the  Table  have  been  found  in  the  following  situations  inside  u 
house  : — 

1.     Ik'ds  of  a  rush  mattress, 
■J.     Cracks   in  a    wooden   bedstead. 
3.     WaUn, 

t.     Pillars  supporting  a  thatch, 
(    :571    ) 
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>  5.     Comers  of  a  house, 

I  6.     Old  boxes  full  of  cockroaches, 

ami 
7.  Pigeons'  nests. 
It  will  be  again  evident  from  the  table  tJiat  the  numbers  caught 
each  Lime  varied  from  one  to  six,  but  on  one  occasion,  however,  as 
many  as  sixteen  were  secured  iu  a  single  catch.  The  table  will  also 
show  that  rhe  distribution  of  Couorhinus  is  not  confined  to  infected 
houses  alone,  but  that  they  are  also  found  in  uninfected  ones. 


Table 
GiciiKj    itifonnatioii    of   the   distribution  of  Couorhinus   rubrofascialifi 
in  houses  of  different  villages  in  area  infected  tvilh  kala-azar. 


Kame  uf  a  village. 

Where  found  in  a 
house. 

House 
infected  or 
uninfected. 

Date  of 
capture. 

Adult  male  or 
female. 

Nymph 

Larva. 

Ajhara 

Bed  of  a  patient . . 

Infected 

15-11-20 

Male 

Uu. 

Bed 

Infected 

3-12-20 

One  male 

Do. 

Bed 

Infected 

4-12-20 

One  female 

2 

Do. 

Ou   a   pillar    in   a 
house 

? 

0-12-20 

One  female 

1 

Do. 

In   a   crack    of   a 
wooden  bed5.tead 

Uninfected 

31-12-20 

1 

Gossainpara 

On  a  wall 

Infected 

12-I-2I 

2 

2 

Devripara 

Bed,     speciiiKM 
found  dead 

Infected 

14-1-21 

One  male 

SualKuclii 

Uu  a  wall 

Infeetid 

lO-l  21 

1 

2 

Sudilapur 

On  a  wall    behind 
a  door 

Infect  eil 

21-1-21 

One  female 

Kaon  Bail 

Pigeon's  nest     . . 

Infected 

23-1-21 

One  male 

1 

1 

Sodilapur 

In  a   box    full  of 
cockroaches 

Infrcled 

28-1-21 

Four  females 

10 

2 

Raiiipur 

In  a  box  contain- 
ing cockroaches. . 

Infected 

29-1-21 

1 

Dharapur 

Pigeon's  nest 

Infected 

10-2-21 

One  male 

3 

2 

Gauhati  ISadar 

Old  basket 

Uninfected 

21-2-21 

2 

Total 

Males   . .   5 
Females  . .   7 

|23 

h 

fi 
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Most  of  the  specimoud  were  distiected  ami  found  to  coutaiu  iugt-stid 
niaiunialiau  blood.  One  or  two  spcciuiciis,  however,  showed  uou- 
luamiualiau  blood  iu  their  stomach. 

The  tiiuliug  of  Conorhinus  rubrojasciatus  iu  houses  iu  a  kala-azar 
area  aud  comaiuiug  ingested  mauunaliau  blood  has  a  significance  which 
is  obvious  and  suggestive.  Donovan  iu  Mailras  had,  however, 
suggested  Conurhintis  rubrofascialus  as  a  possible  carrier  of  kala-azar, 
but  it  was  then  pointed  out  ihav  neither  the  adult  insect  nor  any  of  its 
early  stages  were  found  in  houses. (1). 

Note: — Since  writing  tbe  above,  1  wa,  able  to  find  conorhiiius  in  nnntlu-r 
lieavily-iufeeteU  area  iu  As;>am>  namely,  Duduai  iu  the  District  of  Cioaiptira.  1  could 
not,  however,  find  any  of  these  iusects  in  the  Subdivision  of  Jorliat  nh.cli  it, 
supposed  to  be  free  from  kala-azar. 

As  for  the  number  of  specimens  caught  in  a  single  house,  as  many  us  fi.ly, 
iucluding  larvs,  nymphs  aud  adulti  were  secured  iu  a  single  catch. 

REFERENCE. 
>     Pattos  and  Cbaug      ..     Text-Book  of  Medical  Eulumology,  l'Jl;l,  i>|i. -ISS-iSy. 


THE  GEOGRAPHICAL  DISTRIBUTION  OF  THE 

INDIAN   RAT   FLEAS   AS  A    FACTOR  IN 

THE  EPIDEMIOLOGY  OF   PLAGUE: 

PRELIMINARY   OBSERVATIONS. 


Majuh  F.  W.  L'KAGG.   Ji.D..  i.M.b., 
Cenlnil  Research  Iitstitu.lc.  Kasaidi. 

[Kt'Ccivi'd  fur  iiublicatum.  2(lth  April,  19:il.] 

The  gcijgi-apliiciil  distriljutioii  nl  plague  in  India  has  not  as  yet 
been  fully  explained.  If  we  consider,  from  the  facets  now  known  reganling 
the  etiology  and  epidemiology  of  the  dis?ase,  what  might  have  been 
expected  to  be  tlie  history  of  the  invasion  from  the  time  of  the 
introduction  of  plague  at  Bombay  in  1896,  we  find  a  very  marked 
divergence  between  the  theoretical  conclusions  and  the  actual  course 
of  events.  Everywhere  in  India  there  are  rats,  and  all  the  rats  harbour 
fleas  ;  practically  all  parts  of  the  country  have,  for  a  part  of  the  year, 
a  climate  favourable,  more  or  less,  for  the  establishment  and.  spread, 
of  plague ;  commumcations  arc  free,  and  there  are  no  tonsideiable 
natural  barriers.  It  would  hf  ve  been  reasonable  to  forecast  that 
the  disease  would  spread  from  Bombay  as  from  the  apex  of  a  fan. 
until  it  reached  the  mountain  rf.nges  which  separate  India  fn  m  the 
rest  of  Asia  :  that  the  progress  would  be  (>n  the  whole  a  stfr.dy  wave 
but  with  a  more  iapi(l  advance  along  the  main  lints  of  ccmn.unicaticn 
and  wheie  the  climatic  conditions  were  the  most  favourable  lor  the 
greatest  length  of  time  in  each  vear  ;  it  would  not  have  been  reason- 
able to  forecast  that  any  jjart  of  the  country  would   escape. 

Within  a  few  years  of  the  first  introduction  of  the  disease  it  spread 
in  all  directions,  but,  iu  spite  of  the  widespread  nature  of  the  epidemics, 
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large  tiact:>  of  country  escaped  ailogctliei.  <»i  suttenil  vfiy  lightlx .  ILc 
iuequalitj- of  the  iliblributioii  of  the  Jisease  is  very  strikingly  brought 
out  in  the  map  accouipaiiyiug  the  annual  Report  of  the  Sanitary  Com 
niissiouer  with  the  (•overnment  of  fmlia  for  l'JJ7.  This  map  slio\\>,thal 
the  fouthern  j)ortion  of  the  Madras  fresideney.  east  and  \ve.-:t  of  Cajie 
Comorin,  large  tracts  of  the  eastern  cojistal  aiea,  of  the  Central  India 
I'iateau,  and  of  Eastern  Bengal  and  Assam,  and  the  western  half  (d 
Burma,  have  remained  free  from  the  disease,  although  they  arc  near  to, 
and  in  free  cummmucation  with,  regions  which  have  experienced  severe 
epidemics.  Other  tracts  of  country,  as  for  instance  that  to  the  west 
of  the  Indus,  and  that  on  the  eastern  side  of  the  Madras  Presidency, 
are  shown  as  having  suliered  little  from  plague.  Although  in  a 
general  way  the  epidemics  have  been  most  severe  iu  those  parts  in 
which  the  conditions  are,  according  to  our  preseiit  knowledge, 
most  favourable,  there  are  many  striking  exceptions.  The  Madras 
Presidency  offers  many  striking  instances  of  places  iu  which,  though  the 
conditions  are  apparently  favourable,  the  disease  Las  never  become 
establLsh''d. 

It  is  the  absolute  failure  of  the  disease  to  appear  iu  ceitaiu  areas 
which  is  the  striking  fact.  One  would  not  expect  the  mortality  f.om 
plague  to  h^  evenly  spread  over  the  whole  country;  as  the  J'lague 
llesearch  Commission  have  pointed  out,  the  rat  population  is  denser  in 
some  ijarts  than  in  others,  and  the  number  of  fleas  per  rat  is  a  variable 
quantity  ;  climatic  conditions  may  be  more  or  less  favourable  to  the  rat 
flea  in  its  r  le  as  the  vector  of  plague  ;  free  communications  may 
facilitate,  lack  of  communications  may  hinder,  the  sjjread  of  the  infection. 
But  it  may  safely  be  aflirmcd  that  there  is  practically  no  jiart  of  the 
country  where  the  known  conditions  are  definitely  and  permanently 
against  the  establishment  of  an  epidemic.  The  escajM;  of  large  and 
populous  tracts  throughout  a  long  period  of  yea i-s  cinuot  be  explained 
on  the  facts  as  at  present  known. 

The  Plague  Research  Commission  [mid  sjwcial  atfntion  to  this 
problem  of  the  inequality  of  distribution.  In  the  case  of  Eastern  Bengal 
and  Assam  they  expre.s.sed  the  opijiion  that  the  phy.sical  features  of  the 
country,  which  i»  boumled  on  the  north  and  ea.st  by  mountain  chains,  and 
is  subject  to  annual  floods,  would  tend  to  protect  it  from  the  imjjortation 
of  the  di.iease,  and  to  limit  its  spread  if  intnKliiccd  :  they  found 
that  rats  are  nmch  le.ss  abundant  in  the  houses  of  the  people  than  iu 
other  parts,    the   houses  being  less   fitte<l   to  afford   shelter   to   these 


376     Geographical  Distribution  of  the  Indian  Rat  Fleas. 

veniiiu,  and  food  supply  for  them  being  less  abundant  on  account  of  the 
tidier  habits  of  the  people.  In  the  case  of  the  United  Piovinces. 
contrasting  the  heavily  infectetl  city  of  Cawnpore  with  Luckaow,  only 
forty-five  miles  away  and  presenting  apparently  similar  conditions, 
but  showing  a  much  lighter  infection,  they  lay  stress  on  the  fact  that 
Cawnpore  is  a  large  and  important  trade  centre,  with  a  large  trade  in 
grain.  Contrasting  the  comparatively  plague-free  district  of 
Bundelkband  with  the  severely  infected  Ballia  district,  they  found  th  it 
the  climatic  conditions  of  Ballia  were  the  more  favourable,  and  considered 
that  the  wandering  habits  of  the  people  rendered  the  introduction  of 
the  disease  more  likely.  Their  conclusions  with  regard  to  the  irregularity 
of  the  distribution  of  plague  m  the  Madras  Presidency  are  less  definite. 
They  lay  stress  on  the  importance  of  the  physical  features  of  the  countiy 
and  of  the  climate,  and  on  the  proximity  of  the  infected  areas  of  the 
Presidency  to  heavily  infected  areas  in  other  administrative  divisions  ; 
they  also  point  out  that  the  more  humid  and  cooler  coastal  regions, 
which  have  generally  escaped,  are  separated  from  the  infected  jiarts  by 
a  low-lying  and  comparatively  hot  and  dry  plain,  across  which  infection 
would  not  so  easily  pass. 

It  may  be  noted  that  this  irregularity  of  distribution  is  to  be 
observed  within  smaller  tracts  as  well  as  in  the  country  as  a  whole.  It 
has  been  pointed  out  that  the  villages  within  any  district  of  the  Punjab 
are  not  all  equally  infected,  and  that  the  inequality  is  i_ot  necessarily 
related  to  the  freedom  or  paucity  of  communications. 

It  is  not  proposed  to  enter  into  a  discussion  or  criticism  of  the  findings 
or  conclusions  of  the  Plague  Commission.  The  writers  themselves  were 
clearly  not  satisfied  that  they  had  come  to  the  root  of  the  matter,  and  do 
not  hesitate  to  express  their  doubts.  In  discussing  the  distribution  of 
the  disease  in  the  United  Provinces,  after  stating  in  genwal  terms  the 
conditions,  or  combinations  of  conditions,  affecting  the  distribution  of  the 
disease,  they  go  on  to  say  '  It  may  well  be,  however,  that  other 
unexplained  factors  are  at  work,  without  knowledge  of  which  a 
completely  satisfactory  explanation  of  the  geographical  distribution  of 
plague  cannot  be  arrived  at.'  They  came  to  the  conclusion  that  in 
Madras  City,  which  has  remained  practically  free  from  plague,  the 
conditions  as  regards  house  construction,  etc.,  are  not  unfavourable, 
and  that  suitable  climatic  conditions  prevail  during  the  winter  months. 
Their  later  work  on  the  distribution  of  the  disease  in  the  Madras 
Presidency  as  a  whole  did  not  disclose  any  very  definite  explanation  as 
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to  why  the  city  should  have  esiapwl.  It  is  ail  mitt  eii  that  plagiu'  lias 
been  iatrotluced  there  many  times. 

We  may.  therefore,  not  unreasonably  presume  that  there  is  an 
important  factor,  not  yet  recognized,  in  the  combination  of  factors 
which  govern  the  epidemiology  of  plague.  It  is  the  jmrpose  of  this 
communication  to  record  preliminary  observation.'  which  indicate  that 
this  missing  factor  is  the  geographical  di.strihution  of  the  species  of 
XenopsifUa. 

Throughout  their  work  the  Plague  Research  Commis,sioa  assumed 
that  there  was  only  one  species  of  this  genus  on  rats  in  India,  viz., 
cheopis.  According  to  their  reports  on  the  examination  of  very  large 
numbers  of  rat  fleas  in  different  parts  of  the  country,  this  sj)ecies  made 
up  9S  per  cent  or  more  of  the  total,  and  was  therefore  the  only 
specie.-i  of  any  imiKirtance.  This,  however,  is  not  the  ca.se.  There 
are  three  species,  astia,  bnijiiliensiii,  and  cheopis  ;  of  these,  as  will 
be  shown  presently,  ustia  and  cheopis  are  equally  common  and 
widespread. 

It  was  pointed  out  by  L.  F.  Hirst  in  I'Jl'S  that  X.  'inliti  is  the 
common  rat  flea  of  Colombo.  He  recorded  al;;!)  that  the  whole  of  a 
collection  of  rat  fleas  which  he  obtained  from  Madras,  sent  by  him  to 
Rothschild,  were  identifietl  as  (istia.  Hirst  drew  attention  to  the 
connection  between  these  observations  and  the  relative  immunity  of 
Colombo  and  Madras  from  Plague,  and  suggested  that  further 
invest igatioiLS  into  the  geographical  distribution  of  the  two  sjjecics 
might  throw  light  on  the  epidemiology  of  the  disease  in  iladras 
and  Burma.  In  a  further  communication  in  which  an  account 
of  the  plague  outbreak  in  Colombo  was  given  by  Phillips  and  Hirst, 
certain  suggestive  peculiarities  in  the  habits  of  astia  were  noted. 
From  the  entomological  point  of  view  the  suggestion  tliat  the 
several  species  of  the  genus,  or  of  other  genera,  should  not  be  equally 
efficient  as  vectors  of  the  disease,  is  a  very  reasonable  one.  We 
know  that  parasitic  insects  differ  widely  in  their  ho.st  preferences, 
feeding  habits,  in  their  reactions  to  temperature  and  humidity  conditions 
and  in  their  powers  of  resistance  to  an  unfavourable  environmei;t. 
There  may  easily  be  some  factor  or  factors  in  the  bionomics  of  one  or  other 
of  these  species  which  may  render  it  practically  ineffective  as  a  vector  of 
plague.  If  that  is  so,  the  geographical  distribution  of  the  several 
species  is  a  factor  of  prime  importance  in  the  epidemiology  of  the 
disease. 
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Material  and  Technique. 

At  the  writer's  request  arraugemcuts  were  made  by  the  I'liblie 
Health  Coiuiuissiouer  with  the  Govcruuieid  of  luOia,  ami  by  the 
Sanitary  Coiiiuiissioaer.s  of  I'roviiiees,  for  the  collection  of  rat  fleas  in 
(lie  Punjab,  the  Madras  and  J5oui bay  Presidencies,  Central  Imlia,  and 
ill  Burma.  Altogether  107  collections  were  received,  reuresentmg 
heavily  infected,  lightly  infectetl,  and  plague-free  areas.  The  hrst  collec- 
tions were  received  in  Novendjer,  1919,  and  the  work  was  coutinue<' 
durin"   the    following    year.     The  total  number  of  fleas  examinetl  was 

I7,:35.s. 

It  is  practically  impossible  to  make  out  the  distinguishing  features 
of  these  species  unless  the  specimen's  are  suitably  prepared.  The  females 
can  on  account  of  the  characteristic  shape  of  the  spermatheca,  be 
recognized  with  a  hand  lens  after  the  soft  parts  have  been  dissolved 
out  bv  caustic  potash  or  rendered  transparent  by  a  clearing  agent, 
but  for  thi- certain  identification  of  the  males  the  use  of  the  compound 
microscope  is  necessary.  The  lieas  were  therefore  mounted  in  the 
followiu"  wav.  After  a  hUuiI  preliminary  treatment  with  caustic 
i)otash  solution  they  are  brought  through  alcohol  to  xylol,  and 
allowed  to  remaui  overnight  in  a  thin  solution  of  balsam  in  xylol. 
The  slides  are  prepared  by  coating  them  with  a  thin  layer  of  balsam, 
and  allowing  them  to  dry  overnight  in  the  mcubator.  The  fleas  are 
then  picked  up  with  forceps  and  laid,  similarly  orientated  throughout, 
on  the  slide,  in  regular  rows  of  ten,  five  such  rows  to  a  slide 
of  ordinary  size.  The  coverslip  is  moistened  with  xylol  and  lowered 
»ently  on  to  the  slide.  With  a  little  practice  the  fleas  can  be 
arranged  as  regularly  as  a  series  of  .sections.  This  method  of  mounting, 
which  can  be  done  by  a  trained  assistant,  saves  a  great  deal  of  time 
in  the  subsequent  examination,  for  the  rows  can  be  passed  rapidly- 
across  the  field  of  the  microscope  by  the  mechanical  stage  ;  it  has 
the  obvious  advantage  that  specimens  can  be  easily  marked  for  future 
reference. 

StdtciHL'iil  oj  the  Re^iiUs. 

Detaileil  statements  of  the  re.'^idts,  arranged  according  to  Provinces 
are  "iven  in  the  accompanying  tables.  The  followmg  summary  shows 
that  astiu  and  chenpis  are  both  common  fleas  in  the  jiarts  of  India  cover  d 
by  thit    investigation. 
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XESOrSVXLA. 

Cerulo- 
Iihi/llii.< 

Ltpio- 
psylla 

miiieiili 

aslia 

bra  si- 

/lflMI> 

rhfopi/i 

Total 

Piiiijali 
Bombay 
Central  Inilia 
Ma.lni'i 
Burma 

2,017 

547 

0 

2,122 

1,549 

3 

849 

202 

280 

, . 

3,38C 

3,78G 

72 

1,938 

148 

282 

1 

fi7 

S.088 
.1,183 
280 
4.491 
1,097 

TOTVL     .. 

0,241 

1,334 

9,330 

307 

07 

17,3.39 

Pf.roe\taob 

360 

7-7 

53-9 

2-1 

0-3 

It  wi'l  bp  noted  that  the  19  .spociniens  of  Clrnorej)lialtis  frlis  and 
Ecltidnophngn  sp.  are  not  included  in  the  above  talile,  and  have  not  been 
taken  into  account  in  caloulatiiij;  tlie  percentages  in  the  detailed 
statements. 

The  majority  of  the  collections  were  obtaiiicil  froni  towns  of 
ron.siderable  size,  a  few  from  villages.  If  will  bi>  noted  that  the 
differences  between  the  sever.al  ccdiections  from  one  district  are  often 
ronsideralile. 
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Table  II. 


PitiijaJ). 


PERCENTAGE  OF  EACH  S 

PECIES 

Xenopsylj. 

A 

Locality 

Date 

Ceralo- 
phylluK 

Actual 
Total 

ceph/ilwi 
felu 

District 

a4ia 

brasili- 
ennis 

cheopii 

punjaben- 

f  Barar  | 

Atnoala 

Jan.  * 

100 

6 

( Racheri  I 

Fen!Z^>,>i.r      . . 

Ferozcpur 

Dec. 
1919 

18-8 

81-2 

96 

Do. 
Do. 
Gurgaon  . . 

Do. 
Total 

Dec. 

KM 

7C8 

7-1 

99 

174 

790 

3-6 

195 

Ourgaon 

()(|-8 

31-1 

8-1 

74 

1919 

Hodal 

Aug. 

.")?•.■> 

42-3 

298 

Sikri-.       .. 

Do. 

lUO 

400 

Firozpur  . . 

D... 

Do. 

ioo 

448 

Far  ill  a  bad 

Sept. 

87-2 

12-3 

148 

i 

Jacob  Piira 

Ang. 

181 

89-9 

299 

Piilwal 
Clii  liot      . . 

Sept. 

Total 

Dec. 

:!9-o 
61  6 

51-0 

300 

(l)t 

37-9 

0-5 

1,567 

1 

5G1 

3(i-8 

6-3 

173 

1919 

Jliflum 

.Tholnm 

Nov. 
1919 

80-3 

13-7 

116 

JulUiiuUir 

.lullunclur 

Nov. 
1919 

Kcd 

7.5-3 

14-7 

150 

Do. 

Do. 

37-.") 

37-5 

250 

8 

Do. 

Feb. 

G-d 

(1) 

77-0 

ir.i 

366 

Do. 

April 

12-.1 

62-3 

2r,-4 

106 

Dia'pur  '. . 
Kar.ial 

.Tan. 
Total 

.Ian. 

98-0 

2-0 

100 

76 

(1) 

770 

15-4 

730 

97-4 

0-8 

119 

Do. 

Mar. 

(1) 

86-1 

13-2 

130 

Do. 
Do. 

May 
Total 

0-3 

100 

148 

0-3 

94-7 

47 

397 

*  \VI  e  1  the  y.'ar  is  not  state  1  it  is  understood  to  b?  192(1. 

tThe   inclusion   of    a    tigur-   in    brackets   signifies   that    it    stands     for   an    actual    numCer,    not    a 
percentage. 


F.  TT.  Crnqq. 

TAItl.E    1  I       iDht  '. 


381 


I'Ki;(Knta(;k  (ik  kach  si-e<iks 


Xexopsyul.\. 

Locality 

Date 

Cralo. 

Actual 
Total 

( li  no- 

District 

frftholiiH 

ni>lin 

6ra*ijr- 

eh'opiri 

/""•;■"'"» 

f.1,1, 

I.ahnrp 

BtiKhia  a. . 

Nov. 

551 

38-5 

C-4 

176 

1919 

Kalan 

Kasur 
Ltidliia  a 

Fob. 
Total 

Nov. 

2-8 

95-2 

20 

4.% 

17-6 

5-4 

79-2 

3-2 

626 

Luiihw  '■ 

93-2 

(I) 

74 

1919 

LvalliHir 

Lyall|)ur  . . 

Nov. 
1919 

(U3 

20-2 

9-."> 

42 

r>.i.     . . 

Dec. 
1919 

55' 3 

32(i 

71 

210 

Do. 

Do. 

18-3 

7.'{-9 

7-S 

299 

Unpra 

Dec. 

40-2 

1          59-8 

92 

Darva  Khan 

1919 
Total 

Jan. 

37-6 

58  7 

37 

643 

Mianwali 

44-2 

..         !         3-.0 

20-3 

113 

Fto. 
Miiltan      .. 

Mar. 
Total 

Nov. 

58-7 

37- 1 

4-2 

70 

soo 

35  8 

14  2 

183 

40 

Mullaii 

lOO 

1919 

D<>. 
Alipor 

Jan. 
Total 

Mar. 

99-5 

0-5 

210 

998 

0-4 

250 

MiiTjiffarjarli  . 

i:t(! 

84-4 

22 

Miizaffar- 

Dec. 

(Hi- 7 

33-3 

114 

fiarh 

1919 

Sit  pur 

Mar. 

48IJ 

,^5211 

flO 

Kavalp.iiili    . . 

Hntvalpindi 

Nov. 

92-7 
92-7 

7-3 
7  3 

55 

Rnhtak    . 

Dec. 
Total 
Jan. 

88-0 

120 

50 
105 

78 

906 

94 

Kohtak 

12-8 

87-2 

Do. 
Sialltot     . . 

April 

Total 

Vor. 

23-2 
20S 

76-8 

250 

79-5 

328 

.Si>lk..t 

3-6 

85-3 

111 

IU9 

Total    . . 

.'9)9 

3 



3,l8fi 

2,017 

282 

5,087 
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Table  III. 

lioDibo!/. 


PERCENTAGE  OF  EACH  SPECIES 

Actual 
Total 

-Xknopsylla 

Cteno- 

Pistript 

Locality 

Date 

Ceralj. 

cephatiis 

Jeli-i 

hraxlli- 
tnsis 

phyllua  sp. 

? 

astia 

cheopis 

liclfjanm 

Athni 

Xov. 
lOin 

1 

100 

Ill 

Bclsanm 

ilav 

r,->-25 

44-8 

277 

1 

J)o.      . . 

July 

.51-4 

48-6 

.•iOO 

])o.      . . 
Bnmbav 

Auj;. 
Total 

Dec. 

:!:{:5 

66- 

300 

46-5 

53-5 

877 

1 

Boniliav 

40-0 

o-.> 

40- fi 

782 

., 

lillit 

1 

Karachi 

Karachi    .  . 

Nov. 
1010 

140 

8.V1 

843 

Nortli  Kaiiara 

Karwai' 

•Func 

1 2-.-> 

.•i2-.-) 

.V)-.') 

40 

Do.        . . 

Do. 

11-2 

r.oo 

:iK-8 

18 

Do. 

Do. 

12-2 

.■!l-7 

.-)(j-l 

41 

Uo.        ,. 

■Inly 

:!.->-.s 

110 

;")2-3 

42 

11  mowar 

Total 

Aui;. 

19-1 

28-4 

52-5 

100 



141 

18 

Pcinna 

lV.c,nu        .  . 

Nov. 
1010 

I2(i 

S7-4 

46(i 

D...        .. 

fch. 

2:11 

760 

337 

IJo. 

.May 

22-.S 

77-2 

(1) 

3.'i(l 

Do.        . . 

S.itara       .. 

Au,2. 
Total 

Jlar. 

11-7 

88- :i 

410 

i 

17-5 

82-5 

1,572 

1 

Satara 

:!(ivt 

606 

300 

Do. 
Wai 

Do. 

Total 

.IlllV 

(1) 
0-2 

(1) 

05-0 

40 

27-3 

72-5 



439 

i 

10 

00-0 

.300 

sii„la|Mii'        ..   [ 

1 

Sliolapnr  .  . 

.\I:.r. 
TllTAI, 

:?-o 

S40 

07-0 

1011 

1 
1 

547 

3,786 

] 

.-).183 

1 

4 

/'.  W    Craijg. 

Table  IV. 

Cnilral  ludia. 
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Province  or  Sute 


t'entrml  Provinces 
Narsing&rh  State 
Ren  Sute 
Do. 


Nagpnr 

Namiiigarli 

Rcwa 


PERCENTAGE  OF  EACH  SPECIES 

Date 

Xbnopsylla 

astia 

brasili- 
emit 

ekeopis 

Actual 
Number 

Mar. 
.Mar. 
Fob. 
Jan. 

Total 

d')' 
27-8 

(IJ 
98-6 

950 

92-5 

72-2 

1-4 

20 

4l» 

18 

202 

6 

202 

72 

280 

Table  \ . 
Mild  nit;. 


Ansntapur 

BatiKalnre 


Coimb«tor« 


Csddipah 


Locality 


Uravakonda 

Bangalore 

Bellar^- 

Do.' 

Do. 
Hospet 

Do. 


Bhawani 

Do. 
Dbarporm 

Do. 
Kokegal 
Cud da pah 
Do. 


Jan. 
Mar. 
•Ian. 
Do. 
Mav 
Feb. 
Aug. 


Total 


Aug. 
Feb. 
May 

.May 
Mar. 
Oct. 

Tttal 


PERCENTAGE  OF  EACH  SPECIES 


Xenopstlla 


(1) 

22-7 
37'5 
39-7 
66-4 
44-0 
15-5 


42*4 


91-8 

(1) 
15-6 

6-5 
100 
100 

100 


(1) 


(5) 
301 
fi2o 
00-3 
330 
560 
84 -. 


57-6 


8-2 
960 
84-2 

39-2 


Actual     ,.„jL-i,,. 
Tou.    I"^- 


(«) 
293 
112 
1,000 
300 
60 
148 


1.010 


49 
60 

2S0 

40 
10 
24 


i,   VR 


16 
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Tablio  V — could. 


Locality 

Date 

I'EKCEMAGK  OF  EACH  SPECIES 

Actual 
Total 

Xenopsylla 

c 

Cleno- 
cephalus 

aslia 

brasiii- 
en  sis 

cheopis 

11 
Is 

felis 

Godaveri 

Tuni 

Feb. 

yv~ 

5 

Cocanada    . . 

Dec. 
1919 

77:i 

264 

1 

Guntiir 

Guntur 

Jan. 

9U(i 

!C4 

149 

Madras 

Madras 

Feb. 

100 

180 

Nellore 

Nellore 

Mar. 

80-5 

19-5 

200 

Nilgiris 

Ootacamund 

Dec. 
1919 

4'6-9 

35-7 

13-2 

4-2 

98 

Do. 

Do. 

22-7 

360 

360 

5-3 

97 

Do. 

Do. 

22-2 

34-0 

J2-3 

30-8 

81 

Do. 

Jan. 
Total 

" 

250 

39-0 

15-5 

20-5 

168 

28-8 

37-2 

18-9 

15-1 

444 

North  Arcot. . 

Chittoor 

Feb. 

100 

54 

Salem 

Salem 

Feb. 

100 

•JOO 

149 

1 

South  Arcot. . 

Tirukkoilur 

Kallakurchi 

Do. 

Sept. 
June 
Do. 

100 
100 
100 

100 
100 
24 

South  Canara 

Mangalore  . . 

Nov. 
1919 

lG-9 

30 

80- 1 

166 

Tanjore 

Negapatam . . 

Dec. 
1919 

100 

84 

Tricliinopolv 

Trichinopolv 

Jan. 

95-5 

4o 

44 

Do. 

Feb. 

51-3 

48-7 

38 

Do. 

Do. 

70-9 

29- 1 

62 

Do. 

Vizagapatam 

Do. 
Total 

.Jan. 

900 

(I) 

21 

1 

74-7 

25-3 

166 

2 

Vizagapatam 

58-3 

41-7 

36 

Total    . . 

April 
Total 

400 
51-8 

2,122 

600 

20 

482 

84 

56 

280 

1,938 

67 

4,491 

3 

efW 
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F.xri.ANATioN  OF  Plate  XXVITI 
Figs.    L  2.  t\m]  3      A',    axlia    Roths(^hild,   terminal   segments  of    male, 
female,  and  the  spermatheca. 
, ,     4,    5,  and  6.     X.  brasiliensis    Baker. 
,,     7.  8,  and  9.     X.  cheopis   Rothschild. 
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Taulk  \  I. 

linnim. 


:J85 


1 

I'KRC'ENTAt 

K  llK  K. 

VCH    SI'KCIKS 

Xenop.sylla              1 

Locility 

Date 

Actual 
Number 

cutia 

braaiu 
ensU 

chtopit 

ctphalut 
felU 

Akval. 

Akvab     .. 

Nov. 

9«-0 

40 

.">0 

1),..     .. 

1919 
Dec. 

100 

2ti 

1 

D.I.      .. 

1919 
.Jan. 

S4-4 

1 .5ti 

14! 

Do.     . . 
Do.     .. 
Do.     . . 

.Moulmein 

Feb. 
April 
July 
Oct. 

Total 

Jane 

99- 1 
99-5 

10(1 

0-9 
0-5 

44i 
599 
1  (i.-J 

1 

97-8 

2-2 

1,421 

2 

Moulmein  .. 

.0-6 

29-4 

93 

Rangoon    . . 

Rangoon . . 
Do.     . . 

Total  .. 

Dec. 
July 

Total 

400 

45fi 
600 

13fi 
45 

50-8 

49-2 

181 

1,549 

148 

1,697 

2 

The  Three  Speciej;  oj  Xenopni/lhi. 

Descinptions  of  these  three  sj>ecies  were  given  by  Rothschild  in  the 
Bulletin  of  Entomological  Research  in  1914.  Rcfcrencps  to  the  original 
more  (letailed  tlescriptions  are  given  at  the  end  of  this  pajxT.  X.  iheojm 
'\»  the  only  one  of  the  three  whicli  was  included  in  the  '  Revision' 
piibli.shed  in  1906. 

The  ('iagno.sis  of  these  species  depends  mainly  on  the  form  of  tlie 
terminal  segments  of  the  abdomen.  The.se  are  illustrated  r>n 
Plate  XXVIII.  The  writer  has  seen  no  de\'iation.s  from  the  described 
types  which  were  sufficient  to  lead  to  doubt  regarding  the  identification. 
Thn  s|)ermatheca  of  the  female  is  remarkably  constant  in  shape  in  each 
of  the  three  species,  and  furnishes  a  ready  meaas  of  distinguishing  them. 
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Of  the  large  number  examined,  only  two  variations  were  found,  both  in 
cheopis  ;  in  one  of  these  the  tail  of  the  spermatheca  was  very  short, 
giving  the  organ  an  L-shajje  ;  in  the  other  there  were  two  spermathecae, 
each  of  the  normal  size  and  shape. 

There  is  one  point  not  mentioned  by  Rothschild,  wliich  serves  to 
dia'inguish  the  male  of  astia  from  the  males  of  the  other  two  species. 
The  median  sagittal  incrassation  of  the  head  has  an  even  contour  in 
cheopis  and  in  brasiliengis,  but  in  aslia  it  is  produced  ventrally  in  its 
posterior  portion,  so  as  to  have  a  '  keel  "  like  appearance.  This 
character  may  not,  of  course,  be  peculiar  to  astia,  but  it  is  not  present 
in  the  other  two  Indian  species. 

It  should  be  noted  that  Rothschild's  .synopsis  refers  only  to  these 
three  Indian  species.  There  are  others  of  this  genus  in  which  the 
antepygidial  bristle  is  placed  on  a  raised  tubercle,  as  in  brasiUensis,  and 
others  which  have  a  ribbon-like  ninth  stemite,  as  in  astia. 

The  Geographical  Distribution  of  the  Three  Species  oj  Xenopsylla. 

An  examination  of  the  tabular  statements  given,  and  of  the 
accompanying  map,  shows  at  once  that  the  distribution  of  these  species, 
80  far  as  it  is  indicated  by  the  scattered  and  far  too  scanty  observations 
here  recorded,  is  most  irregidar,  and,  in  the  case  of  astia  and  cheopis,  is 
not  clearly  correlated  with  any  of  the  factors  which  ordinarily  govern 
the  geographical  distribution  of  animals.  The  case  of  brasiUensis 
is  less  obscure,  and  it  will  be  convenient  to  consider  this  species 
first. 

Speaking  very  generally,  India  consists  geographically  of  two  distinct 
parts  :  Peninsular  India,  an  elevated  table-land,  geologically  ancient, 
occupying  the  central  and  southern  portions  ;  and  Extra-Peninsular 
India,  which  is  mainly  composed  of  the  great  Indo-Gangetic  Plain,  a 
geologically  recent  tract  of  country  which,  though  it  extends  from  the 
coast  to  the  foot  of  the  Himalayas  on  either  side  of  the  Peninsula,  is  not 
more  than  a  few  hundred  feet  above  sea-level.  The  habitat  of  .X. 
brasiUensis  is  clearly  Peninsular  India.  Of  the  seventeen  stations  from 
which  it  is  recorded,  only  three  are  in  the  Punjab,  and  from  each  of 
these  only  a  single  specimen  was  obtained.  In  the  remaining  fourteen 
stations  the  percentage  of  this  species  varied  from  less  than  one  to 
nearly  100,  with  an  average  of  about  29.  Only  three  of  these  stations 
are  on  the  coast  line,  and  these^  it  will  be  noted,  are  all  on  the  west  coast, 
where  the  range  of  the  Western  Ghats  runs  almost  down  to  the  sea.     The 
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numerous  statioiis  on  the  east  coast  of  Madras  from  whicli  batches 
have  been  obtained  are  all  far  distant  from  any  high  land,  and  have 
yieideil  no  sjwcimens  of  brasiliensis. 

The  special  characters  of  the  stations  which  hliow  a  considcrablo 
jH?rcentajie  of  brusiliensiis.  in  contrast  to  the  Indo-Uaiigetic  Plain  and  to 
the  coast  line  on  the  east,  are  the  absence  oi  extreme  ranges  of 
temperature  such  as  arc  met  with  in  the  Punjab,  and  a  moderate  degree 
of  humidity.     Ail  these  stations  are  in  the  tropics. 

The  nature  of  the  conditions  favourable  to  this  species  is  well 
illustrated  by  the  three  batches  obtained  from  the  Coimbatore  di.strict 
in  Madras.  No  specimens  of  brasiliemis  were  present  in  the  319  fleas 
obtained  from  Bhawani  and  Bharapuram.  which  are  between  600  and 
1,000  feet  above  sea-level,  while  at  Kollegal,  in  the  same  district,  but  at 
the  edge  of  the  Mysore  plateau  and  at  the  1.500— :1000  level,  more  than 
half  were  of  this  sjjecies.  It  will  be  noted  that  Ceioloplii/llus  piinjabensis 
and  .X.  brasiliensis  do  not  occur  together. 

.X.  astia  and  cheopis  occur  all  over  India,  equally  in  the  Penijisula 
and  in  the  Extra-Peninsular  portions  ;  their  relative  prevalence  cannot 
be  correlated  with  climatic  conditions,  nor  does  it  apjiear  to  follow  the 
divisions  into  which  zoologists  have  mapped  out  the  country  from  a  study 
of  the  fauna  as  a  whole.  Each  species  is  present  in  considerable  numbers 
in  the  sub-tropical  regions  of  the  Punjab,  where  the  climate  is  subject  to 
wide  seasonal  variations,  and  on  the  east  coa.st,  where  the  climate  is 
tropical  throughout  the  year  and  the  humidity  always  high.  Of  the 
forty-two  station.s  from  which  substantial  batches  of  Hoas  were  obtained, 
cheopis  was  present  in  all  but  five,  astia  in  all  but  eight  ;  it  may  be  noted 
that  in  three  of  the  batches  from  which  cheopis  was  absent  the  total 
number  of  fleas  examined  wau  small.  On  the  whole,  however,  it  is 
e\'ident  that  cheopis  is  the  commoner  flea  in  the  Punjab,  while  astia  is 
the  more  common  on  the  Madras  coast,  taking  the  two  extremes  of  climate 
In  some  of  the  stations  on  the  Peninsula  aslia  appears  to  be  replaced 
by  brasiliensig :  all  batches  which  contain  brasilieiisis  also  contain 
cheopis. 

The  bearing  of  climate  on  the  relative  prevalence  of  these  two  species 
is  indicatefl  in  the  accomjjanying  map,  on  which  the  means  of  temperature 
and  humidity  are  shown.  The  group  of  Punjab  stations  having  a  mean 
annual  temj>erature  of  less  than  TT'o'^F.  show  a  high  percentage  of 
cheopis,  but  in  two  of  them  more  aslia  are  recorde<l  than  cheopis  ;  the 
proiK^rtion.-*  here  appear  to  be  more  nearly  related  to  the  mean  annual 
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humidity.  The  group  of  stations  having  a  mean  annual  temperature 
between  77'5°  and  79°F.  show  a  dist  inctl y  higher  proportion  of  astia.  The 
stations  on  the  Madras  coast  sliow  generally  a  low  percentage  of  cheopin, 
but  at  Vizagapatam  the  projjortions  of  astia  and  clieo'pis  are  nearly  equal. 
Perhaps  the  most  striking  contrast  is  shown  by  the  three  stations  in 
Burma  from  which  collections  were  obtained.  Out  of  the  1,421  fleas 
sent  from  Akyab,  only  2'2  per  cent  were  cheopis,  while  at  Rangoon, 
not  far  distant  and  with  a  similar  climate,  the  181  fleas  collected  were 
divided  equally  between  astia  and  cheopis.  It  is  clearly  not  possible, 
therefore,  to  correlate  the  constitution  of  the  flea  population  with  climatic 
and  geographical  conditions. 

A  critical  examination  of  the  figures  given  in  the  tables  shows  that 
the  irregularity  of  the  distribution  of  these  two  8j)ecies  holds  for  the 
smaller  areas  as  well  as  for  the  country  as  a  whole.  In  the  Gurgaon 
district,  for  instance,  a  batch  from  the  village  of  Sakris  showed  100  per 
cent  astia,  while  at  Jacob  Puj-a.  in  the  same  district,  the  percentage  of 
this  species  was  18' 1,  the  remainder  being  cheopis.  In  some  in.stances, 
two  batches  collected  from  the  same  town  during  the  same  month  show 
considerable  differences  ;  for  example,  of  the  two  batches  collected  at 
Lyallpur  duiing  December,  one  contained  55"3  per  cent  astia,  the  other 
only  18'3.  This  is  probably  to  be  accounted  for  by  the  collections  having 
been  made  in  different  parts  of  a  large  town.  The  figures  suggest,  as  one 
would  indeed  expect  to  be  the  case,  that,  in  an  area  in  which  both  species 
occur,  they  are  not  uniformly  distributed  over  all  the  rats,  but  sometimes 
the  one,  sometimes  the  other,  will  predominate  on  the  rats  of  particular 
localities  within  the  area  ;  it  is  to  be  expected  that  batches  from 
adjacent  villages  will  differ  within  wide  limits,  when  the  total 
collections  are  small.  It  is  obvious  that  large  collections  are  essentia] 
if  statistical  methods  are  to  be  applied  to  this  problem. 

Seasonal  Prevalence  oj  these  Species. 
The  number  of  large  collections  obtamed  at  different  seasons  from 
the  same  station  is  unfortunately  too  small  to  allow  of  conclusions 
being  drawn  regarding  the  seasonal  prevalence  of  these  species.  The  best 
series  is  that  from  Poona.  As  is  shown  in  the  accompanj-ing  chart,  the 
proportion  of  cheopis  rises  from  May  t  o  September,  probably  in  association 
■with  the  marked  fall  in  temperature  and  the  increase  in  humidity  which 
accompany  the  breaking  of  the  monsoon  in  June.  This  suggests  that 
cheopis  is  better  adapted  to  a  cool  and  damp  climate  than  is  brasiliensis, 
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a  suggestion      which    is     borne    out     by   other    eoii.sideiation.s  iilremly 
indicateil.     The  tigures  for  BMgauiii  point  in  t  lie  same  direet ion.  ihoii','h 


\. 


Chart  I.— Showing  ttie  leUtive  seasonal  prevalenc 
of  cheopis  and  bratUitmis  in  Poena. 


CUAKT  II.— Showing  the  relative  seiaonal  prevalence 
of  eheopis  and  hratilittuis  in  BelRaum  and  Atlini. 


Chakt  hi.— ShowiiiK  tlif  iflative  9€a«onal  prevalence 
of  r/ieo/.is  niid  aalia  in  IJellary  and 
Hrspe(. 
The  numt)er9  shown  below  the  months 
are  the  totals  of  the  collections  from 
which  the  graphs  are  constructed. 

here  it  Lsto  be  note<l  that  the  fleas  obtainefl  in  November  were  eollectetl 
at  the  town  of  Atlini,  ii(»t  in  Belgaum  itself.  The  only  station  frf)m 
whidi  »u<;€et*»ive  large  batches  containing  uslin  and  rheopis  were  obtained 
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is  Bellary.  Combining  the  figures  for  Beilary  aud  Hospet.  which  is 
about  forty  miles  distant  and  in  the  same  kind  of  country,  we  find  a 
similar  increase  in  the  pro]K)rtion  of  c/(eo;j(s  during  the  colder  months 
of  the  year.  Further  observations  on  this  point,  which  is  clearly  of 
importance,  are  required. 

Pmpoiiionn  according  to  the  Species  oj  Host. 
In  few  cases  has  it  been  possible  to  obtain  precise  information 
regarding  the  species  of  rat  from  which  the  fleas  were  obtained.  The 
batches  sent  from  Akyab  and  from  Rangoon  were  labelled  with  the 
name  of  the  host,  and  the  figures  are  given  below.  They  are  sufficient 
to  show  that  either  astia  or  cheopis  may  parasitize  any  one  of  several 
rodents  This  is  what  one  would  exjject  from  a  general  knowledge  of 
the  relations  of  fleas  to  their  hosts,  aud  is  in  agreement  with  the  data 
given  by    Jordan  and    Rothschild. 


Table  VIJ 

Shotoimj  the  Host  Species  oj  1,232    Fleas  jrom  Akyab    and  o'  181   Fleas 
Ifom  Ratujoon. 


Xehopsylla. 

astia 

cheopis 

Total 

Rangoon. 
-V.      he)Ujaliensi)> 
M.     concolor 
M.     norwegicui 
M.     ratlus 
"  Bandicoot   ' 
"  Shrew  "     . . 
"  Mouse  "     . . 

42 
28 
10 
3 
ti 
1 
2 

20 

57 

3 

1 

8 

62 
85 
13 

6 

1 
10 

Total 

^2 

89 

181 

Akvab. 
A',      bengaliensis 
M,     ratlus      ,., 
M,     concolor 

562 
266 
373 

5 
23 
3 

567 
289 
370 

Total 

1,201 

31 

1,232 
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I'ntil  quite  recently  it  was  suiiposetl  that  tlie  VcrulophijUus  fimnd  mi 
rats  in  India  was  the  same  as  that  commonly  found  on  rats  in  Euioj)e, 
fiisciatus  Bosc,  and  it  is  thus  referred  to  in  plague  literature.  There 
are,  however,  not  one  but  several  species,  and  of  these  yrt*ci'«/««  is  so  rare 
that  there  is  a  doubt  as  to  whether  it  is  a  true  Indian  flea.  Jordan  and 
Rothschild,  in  a  jiajier  published  in  January  of  this  year,  give  eight 
species  of  Ceralophifllus  from  rats  and  squirrels  in  India,  and  of  these 
seven  are  new.     They  give  two  records  only  of  C.  Jasciatus  in  India. 

The  results  of  the  present  investigation  confirm  the  findings  of  the 
Plague  Research  Commission  with  regard  to  the  distribution  of 
Ceratophylhts.  With  the  exception  of  a  single  specimen  among  the  1,572 
fleas  from  Poona.  the  genus  was  not  represented  in  the  Bombay 
collection?.  In  Madras  C.  nilgiriensis  was  found  in  considerable  numbers 
at  Ontacamund,  in  the  Nilgiri  Hills  and  some  6,000  feet  above  sea-level. 
In  the  Punjab,  on  the  other  hand  C.  ptinjab^nsis  was  present  in  the 
collections  from  twelve  out  of  the  fifteen  stations,  and  in  some  instances 
occurred  in  considerable  numbers  ;  three  batches  from  Jullundur 
contained  14'7, 161,  and  254  per  cent. 

The  marked  seasonal  prevalence  of  this  species,  which  was 
commented  on  by  the  Plague  Commission,  is  strongly  brought  out  by 
the  figures  from  the  Punjab.  None  of  the  seven  batches  of  fleas 
collected  during  the  hot  weather  contained  CeratophyUus.  It  will  be 
noted  in  Table  II  that  of  the  seven  batche  from  Gurgaon,  collected 
during  Auguft  and  September,  none  contained  this  flea,  while  the  batch 
collected  in  December  contained  81  percent.  If  we  omit  the  fleas 
collected  during  the  hot  weather  the  average  percentage  of  20  batches  is 
6'5.  The  observations  of  Bacot  on  the  prolongation  of  the  cocoon  stage 
of  C.  fasciatus  are  particularly  interesting  in  this  connection. 

Fleas  of  other  Genera. 

The  only  other  true  rat  flea  found  is  Leplopsyllu  wtisculi,  whicii  was 
present  in  the  collections  from  Ootacamund.  Specimens  from  the.se 
batches  were  sent  to  Mr  Rothschild,  who  pronounced  them  to  be  true 
mimculi.  The  occurrence  of  this  species  in  the  Nilgiri  Hills,  and  not 
elsewhere,  ia  f)articularly  interesting. 

The  absence  of  fleas  other  than  those  proper  to  rats  is  rather  striking 
in  view  of  the  large  numbers  dealt  with.     It  will  be  noted  that  there 
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were  only  ten  specimens  of  Ctenocephulus  Jelis,  the  common  flea  of  dogs 
and  cats  in  India,  and  not  a  single  Pulex. 

The  Geographical  Distribution  op  the  In'dian  Rat  Fleas  in 

RELATION    to   THE  EPIDEMIOLOGY   OF    PlAGUE. 

The  nature  of  the  problem  towards  the  solution  of  which  the 
present  investigation  has  been  directed  has  already  been  indicated 
at  the  beginning  of  this  paper.  We  have  now  to  consider  how 
far  the  observations  here  recorded  bear  out  the  hypothesis  that  the 
several  species  are  not  equally  efficient  as  vectors  of  plague,  with  the 
corollary  that  there  is  a  direct  relation  between  the  geographical 
distribution  and  relative  numbers  of  these  species  and  the  incidence  of 
plague. 

The  observations  so  far  made  are  neither  sufficiently  numerous,  nor 
are  they  sufficiently  evenly  distributed.  The  collections  vary  greatly 
in  size,  and  at  the  best  represent  only  a  portion  of  the  country ;  they  have 
not  been  made  in  a  manner  calculated  to  eliminate  the  error  due  to  the 
uneven  distribution  of  the  species  in  the  particular  locality  which  they 
represent ;  the  factor  of  a  difference  in  the  seasonal  prevalence  of  the 
species  has  not  been  altogether  eliminated.  On  the  other  hand,  the 
figures  for  the  plague  mortality  of  the  area  represented  by  each 
collection  or  series  of  collections  are  averages,  and  it  is  known  that 
the  mortality  is  not  very  evenly  spread  over  the  areas  to  which  the 
ficfureb  refer.  Nevertheless,  the  results  are  striking,  and  leave  little 
doubt  regarding  the  importance  of  the  difi'erence  in  species  of  the 
predominant  flea  in  heavily  infected  and  in  lightly  infected  parts  of  the 
country. 

The  only  two  species  of  which  large  numbers  have  been  obtained 
are  X.  astia  and  X.  cheopis,  which  together  make  up  90  per  cent  of  the 
total.  The  present  problem  is  therefore  a  comparison  of  those  stations 
ui  which  astia  is  the  common  flea  with  those  in  which  cfieojns  is 
predominant. 

The  source  of  information  regarding  the  incidence  of  plague  in  the 
numerous  scattered  stations  from  which  collections  have  been  received 
is  the  map,  already  referred  to,  which  accompanied  the  Annual  Report 
of  the  Sanitary  Commissioner  with  the  Government  of  India  for  1917. 
In  this  the  distribution  of  plague  in  India  is  shown  graphically  by 
different  kinds  of  shading  ;  the  variations  witliin  small  units  such  as 
districts  are  not  of  course  shown.     The  information  obtamed  from  this 
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MAP    1. 


MAI"    OF    INIHA    AND    BL'llMA. 
SUoiring  Ihf  placet  mentiout.d  in  the  text. 
The  mean  annual  humidity   (black  lines),  and   the  moan  annual  tompeiatiire  (red  lines)  are  copied  from  llio 
i.'liraatoloKical  Atlaii  of  India.     The  interriipte<l  red  line  in  the  mean  isotherm- 
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map  has  been  suppleiiieated,  through  the  courtesy  of  Civil  Surgeons 
and  Health  Officers  of  Municipalities,  by  detailed  records  from  some  of 
the  localities  from  which  the  fleas  were  collected. 

Omitting  places  from  which  small  collections  were  obtained,  the 
localities  are  arranged  iu  Table  VIII  according  to  the  percentage  of  X. 
cheopis  and  the  plague  mortality  as  shown  in  the  above  map  I.  This 
table  should  be  read  in  conjunction  with  Tables  II  to  VI,  in  which  the 
details  of  the  constitution  of  each  batch  of  fleas  are  given.  It  will  be 
seen  that,  though  the  nature  of  the  records  is  not  well  adapted  for  the 
application  of  the  statistical  method  by  which  such  a  problem  should 
be  approached,  the  observations  point  very  strongly  to  a  close  relation 
between  the  predominance  of  X.  cheopis  and  high  plague  mortality. 
X.  cheopis,  in  fact,  appears  to  be  truly  the  '  plague  flea,'  while  astia 
is  the  predominant  species  in  those  areas  which  have  remained  free  from 
the  disease  or  have  suffered  only  lightly. 

The  figures  at  the  two  extremes  of  the  table  are  naturally  of  the 
most  interest  and  importance.  At  Akyab,  from  which  only  31  specimens 
of  che&pis  weie  obtained  out  of  a  total  of  1,421  fleas,  there  has  never  been 
a  case  of  indigenous  plague  ;  the  collections  represent  all  seasons  of  the 
year.  At  Chinna  Salem,  in  the  Kallakurchi  Taluk  of  the  South  Arcot 
district,  from  which  124  specimens  of  astia  and  none  of  cheopis  were 
obtained,  there  were  two  cases  of  plague  in  191 1,  none  before  or  since.  At 
Guntur,  where  the  proportion  of  astia  is  90' 6  per  cent,  there  was  an 
outbreak  of  plague  in  1918-1919.  with  a  total  of  232  deaths.  Special 
interest  attaches  to  the  figures  for  Madras  Municipa'ity,  since  the 
conditions  there  were  examined  by  the  Plague  Research  Commission, 
who  came  to  the  conclusion  that  they  were  generally  such  as  would 
permit  of  the  establishment  of  the  disease.  The  whole  of  a  batch  of 
186  fleas  were  X.  astia.  The  plague  mortality  from  1897  to  1917 
has  ranged  from  nil  in  1915  to  O'l  in  1906  with  an  average  of  O'OIS  ; 
although  the  disease  has  been  present  in  twenty  years  out  of  the 
twenty-one,  in  thirteen  of  these  years  the  mortality  has  been  less 
than  O'Ol  ;  in  other  words,  though  the  infection  has  been  repeatedly 
introduced,  it  has  each  time  failed  to  set  up  an  epidemic.  At 
Negapatam,  in  the  Tanjore  district,  plague  was  imported  in  1918  and 
in  1919,  one  fatal  case  only  occurring  in  each  of  these  years  ;  all  of  the  84 
fleas  obtained  there  were  astia.  At  the  other  extreme  we  have  the 
very  heavily  infected  districts  in  the  Punjab  and  in  the  Bombay 
Presidency.     Unfortunately,  no  figures  for  these  areas,  more  exact. than 
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those  given  in  the  map.  are  avaihible  at  the  time  of  writinu.*  The 
Punjab  has  throuRhout  heentlie  most  heavily  infcctwl  part  of  India,  and 
the  incidence  lia.s  been  spread  fairly  evenly  over  the  province,  with  the 
exception  of  the  south-we.stern  part,  including  Multan,  Muzaffargarh, 
and  Mianwali,  which  have  not  suffered  severely.  The  districts  named, 
it  will  be  noted,  show  a  considerable  percentage  of  nstia.  Rohtak  and 
Gurgaon  are  south-east  of  the  nmst  hea\'ily  infected  ])arts.  The  heavily 
infecteil  districts  in  the  Bombay  Presidency,  Wai,  Satara  and  Poona, 
are  all  situatetl  at  a  considerable  altitude,  and  in  the  two  latter  stations 
the  collections  have  included  a  large  proportion  of  brosiliensis. 

The  liability  to  severe  epidemics  of  jilague  in  those  regions  in  which 
clienpis  is  the  jiredominant  rat  flea,  and  the  absence  of  such  epidemics 
in  regions  where  nslia  is  predominant,  seems  fairly  clear.  The 
observations  with  regard  to  bnisiliensis  and  Ceratophylhis  are  not 
sufficient  to  justify  any  inference,  and  their  presence  in  considerable 
numbers  rather  complicates  the  question  as  between  astia  and  cbeojjis. 
The  case  of  brasiliemis  can  only  be  dealt  with  by  the  examination 
of  a  series  of  collections  from  Peninsular  India,  where  this  species 
appears  to  be  a  common  rat  flea,  and  partly  to  replace  aslia. 
Cerntophyllus  is  unlikely  to  be  important,  as  there  are  few  stations 
in  which  it  makes  up  a  substantial  proportion  of  the  whole. 

To  obtain  the  more  precise  data  which  will  justify  the  full  a})plication 
of  statistical  methods,  it  will  be  necessary  to  make  a  series  of  observations 
under  definitely  chosen  conditions.  Large  batches  of  fleas,  collected  at 
the  same  time  of  year  and  preferably  during  the  plague  season,  are 
required,  and  it  will  be  of  advantage  if  only  two  specie.s  are  present, 
either  aslM  and  rhenpis  or  bnisiliensis  and  cheopis.  The  stations  chosen 
should  be  within  fairly  iiarrow  geographical  limits,  and  the  ninge  of 
plague  mortality  a  wide  one.  The  writer  hopes  to  be  able  to  record  such  a 
series  of  observations   shortly. 

The  great  practical  importance  of  the  matter  is  obvious.  If  it  is 
really  the  ca.se  that  cheopis  is  the  '  plague  flea,'  while  ««<!«  is  not,  it  will  be 
possible,  by  an  examination  of  the  fleas  of  a  locality,  to  estimate  precisely 
its  liabilitv  to  plague  ;  in  fact,  to  map  out  the  '  cheopis-behu  '  just  as  the 
'  flv-belts '  of  Africa  have  been  mapped  out.  It  would  clearly  be 
unneces.sary  to  take  elaborate  and  expensive  measures  against  ])lague  in  a 
district  in  which  the  rat  fleas  were  of  a  species  which  is  not  a  vector  of 
plague.  The  significance  of  an  imjwrted  case  of  j)lague  will  dejK'ud  in  a 
large  measure  on  the  local  species  of  flea. 
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a.s,,  anal  style  of  the  female, 

ap.b.,        antepygidial  bristle, 
pg.,  pygidiiim. 

P.,  P2.     Processes  of  the  clasper. 

S  VIII,  IX,  X.  The  eighth,  ninth,  and  tenth  stemites. 
sp.,  spiracle. 

T  VII,     VIII,  IX,  X.     The  seventh  to  tenth  tergite  . 


NOTICE. 

INDIAN  SCIENCE   CONGRESS 

1!»'22. 

THE  9TH  .A^'XUAL  MEETING  OF  THE  INDI.\N  SCIENCE 

CONGRESS  WILL  BE  HELD  AT  MADRAS    FROM  THE 

30TH  JANUARY  TO  3RD  FEBRUARY.  192-2. 


Tre  Medical  Research  Section  of  the  Coxoress  will 
then  meet  for  the  fourth  time. 

The  subscription  jor  membership  of  the  Congress  is  Rs.  10/-  and 
should  be  paid  to  the  Honorary  Treasurer,  Asiatic  Society  oj  Bengal, 
1.  Park  Street,  Calcutta,  who  will  send  a  ticket  of  entry. 

Those  who  propose  to  be  present  at  the  meeting  are  requested 
to  communicate,  a.s  early  as  po.s.nible,  with  the  undersigned  and  with 
Dr.  J.  L.  Simonsen,  Forest  Research  Institute  and  College,  Dehra 
Dun.  The  Honorary  Ix)cal  Secretaries  are  Captain  Clive  Newcomb, 
M.D.,  A. I.e..  I. M.S.,  Chemical  Examiner.  Madras,  and  Khan  Sahib 
Mohomad  Azizullah  Sahib  Bahadur,  b.a.,  m.b.c.m.,  f.m.o.,  Chemical 
Examiner's  Office,  Madra.s,  to  whom  all  enquiries  about  accommodation 
should  be  addressed,  Europeans  writing  to  the  former,  Indians  to  thf 
latter. 

It  is  es.'.ential  that  notice  should  be  gi%en  to  the  local  Secretaries  as 
early  as  possible. 

.\  notice  for  the  guidance  of  those  who  intend  to  read  papers  an<l 
take  part  in  the  di.sciLssions  will  be  published  in  the  Ivdiaii  .Journal  nj 
Medical  Research  and  the  Indian  Medical  Gazette. 

All  papers  should  be  forwarded  to  the  undersigned  before  the  3<)tli 
November,  1921.     Each  paper  should  be  accompanied  by  an  abstract. 

J,  MR  (     3'»9     )  14 
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It  will  not  be  possible  to  include  in  the  programme  of  the  Medical 
Research  Section  any  paper  which  has  not  been  sent  in  to  the  under- 
signed by  the  date  mentioned. 

The  time  allowed  for  the  reading  of  any  paper  at  the  Congress  will 
not  exceed  15  minutes. 

It  is  hoped  that  the  majority  of  the  papers  received  will  fall  into 
groups  which  will  afford  opportunity  for  discussion.  Definite  subjects 
for  discussion  will  be  arranged  later  and  proposals  for  these  are  invited. 

The  undersigned  will  be  glad  to  receive  suggestions  from  any 
intending  member  regarding  any  matters  connected  with  the  Medical 
Research  Section. 

The  King  Institute,  ^ 

GuiNDY,  Madras,  I  J.  CUNNINGHAM,  Major,  i.m.s. 

The  2m  Juh,,  1921 .  j 


NOTICE. 

INDIAN  SCIENCE  CONGRESS 

To  BE  HELD  AT  MADRAS,  BETWEEN  3uTH  JANUARY 
TO   IRD  FEBRUARY,  1922. 


MEDICAL  KESEAKCH  SECTION. 

The  President  of  the  section  uisheii  to  incite  the  attention  of  Members 
II  ho  propose  to  attend  the  Medical  Research  Section  to  the  following  points 
which  may  be  of  use  to  them  in  the  selection  of  subjects  for  pajters  : — 

I. 

Types  of  papers  desired. 

(1)  Announcing  in  general  terms,   with  no  unnecetisary  detail 

of  description  and  without  complex  graphs  and  lists 
of  figures,  any  new  work  performed  by  the  author  in 
any  line  which  has  a  direct  bearing  on  the  advance 
of  medical  science  and  the  prevention  or  treatment  of 
disease. 

(2)  Describing,    illustrating    and    demonstrating    new    methods 

and  techjiique. 

(3)  Briefly    summarising    present    knowledge     and    indicating 

promising  lines  of  advance. 

(4)  Opening  up   a  discussion    on    important    current   medical 

proVjlcms  about  which  there  is,  or  may  be,  room  for 
divergent  opinions. 

(5)  Dealing  with  diseases  in  a»iimals  and  plants  in  so  far  as  they 

have  a  bearing  on  human  maladies. 
(     101     ) 
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Illustrations. 

Illustration.s  add  greatly  to  the  interest  and  comprehensibility  cf  a 
paper,  but  they  should  be  simple  enough  or  clear  enough  to  be  taken  in 
at  a  glance.  tJomple.x  diagrams  which  require  close  inspection  and 
study  divert  the  attention  of  the  members  from  the  text  of  the  reader. 
Clear  lantern  .slides  are  about  the  best  form  of  illustration,  and  are 
suitable  for  photographs,  photomicrographs,  graphs  and  short  lists 
of  figures.  Line  diagrams  on  a  large  scale  on  paper  which  can  be 
pinned  on  a  screen  are  also  useful.  Blackboard  sketching  or  figuring  is 
not  recommended. 

II. 
Types  of  papers  not  considered  suitable. 

(1)  Very  detailed  and  complex,  whether  in  words  or  figures. 

(2)  Very  special  and  outside  the  range  of  knowledge  of  those 

likely  to  be  present. 

(3)  Very  general,  containing  nothing  new  and  putting  nothing 

in  a  new  light. 

(4)  Papers  '.vhich  would  appeal  more  to  other  sections  such  as  the 

entomological,  chemical  or  botanical. 

(5)  Papers  on  general  or  chnical  medicine,  surgery  or  therapeutics 

which  would  be  acceptable  at  a  general  medical  congress. 

III. 

Memorandum. 

(1)  Papers  should  be  written  in  a  style  suitable  for  reading  rather 

than  with  a  view  to  ultimate  publication.  Minor  altera- 
tions considered  necessary  for  the  latter  purpose  can  be 
made  at  a  later  date. 

(2)  No  paper  shoidd  occupy  more  than  15  minutes  in  the  reading. 

jMembers  are  particularly  requested  to  observe  this  rule, 
which  is  made  in  their  own  interests,  and  they  should  see 
beforehand,  by  actual  tfial,  that  their  papers  can  be  read 
without  any  undue  hiuTy,  within  the  time  allotted. 
(5)  Discussion  will  be  confined  within  the  following  limits  :  — 
(a)  the     production    of    additional    evidence    in    favoiu-    of 

statements  made  or  suggestion  of  means  to  obtain  it ; 
(/))  the  production  of  additional  evidence  throwing  doubt  on 
or  controverting  the  statements  made  ; 
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(c)  tbo  quostioning  of  the  soiuidJiess  of  the  methods  nsod  to 

obtain   the   rebulta    prosojitod,  and    tho  suggostion  of 
alteruative  or  sounder  methods  ; 

(d)  asking    for    the    elucidation    by    the    author    of    obscure 

passages ; 

(e)  supporting  or  questioning  the  validity  of  arguments  used  ; 
(/)  supporting  or  questioning  the  conclusions  drawn  from  the 

evidence  presented  ; 
(g)  Bupplyuig  possible  answers  to  questions  raised  ; 
(h)  raising  questions  relevant  to  the  subject,  but  not  suggested 

by  the  author ; 
(»)  the  presentatiou  of  a  rival  hypothesis. 
Finally,  the  author  of  the  paper  will  be  given  an  opportunity  of 
answering  all  criticisms    and   summarizing  the  discussion.     No  other 
member  may  speak  more  than  once,  except  to  correct  misinterpretation 
of  anything  he  may  have  said. 


If4 
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KALA  AZAR  INQUIRY  OF  THE  INDIAN 
RESEARCH  FUND  ASSOCIATION. 

Annou  xcement. 

As  the  January,  1922,  Number  of  the  Indian  Journal  o]  Medical 
Research  was  going  to  Press,  a  telegram,  dated  28th  November,  1921, 
was  received  from  Mrs.  Adie,  Tezpur,  Assam,  in  which  she  states  : — 
"  Director  on  tour,  so  I  inform  you  direct  of  swarming  infection  of 
Leishman-Donovan  bodies  found  in  salivary  glands  and  ducts  of  C. 
rotundatus  caught  24th  instant  on  bed  of  suspected  Kala-azar  case  in 
infected  area.  Dissected  26th  instant.  The  discovery  positively  proves 
that  the  bed  bug  is  capable  of  tran.smitting  the  disease  through 
biting." 

Mrs.  Adie  is  working  in  Assam  with  the  Scientific  Committee 
for  the  investigation  of  Kala-azar  directed  by  Major  F.  P.  Mackie, 
I. M.S.,  under  the  auspices  of  the  Indian  Research  Fund  Association. 

The  Editors  decided  not  to  delay  publication  of  the  result  contained 
in  the  telegram,  but  to  issue  it  at  once  in  the  January,  1922,  Number 
of  the  Journal,  as  the  observation  announced  is  of  great  scientific  interest 
and,  if  confirmed,  will  be  a  most  important  addition  to  our  knowledge 
of  the  etiology  of  Kala-azar. 

(     V     ) 
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S   7  STANDARDIZATION.' 

Notes. — '.A  term  used  here  to  indicate  conceptions  such  as  potency,  measurement, 
titration,  standard  character,  etc. 

S  71  TURBIDITY. 

S  7"11. — (1)  Set  up  a  series  of  picked  T.T.  all  of  the  same  calibre. 
(2)  Prepare  the  following  solutions  : — No.  1,  1  per  cent  chemically 
pure  sulphuric  acid  and  No.  2,  1  per  cent  pure  barium  chloride.  (3) 
.A.dd  definite  proportions  of  No.  1  aol.  to  No.  2  sol.  to  give  standard 
turbidity  suspensions  as  follows  : — 99  c.c.  No.  1  sol.  tc  1  c.c.  No.  2  sol.. 
98  c.c.  No.  1  sol.  to  2  c.c.  No.  2  sol.,  97  c.c.  No.  1  sol.  to  3  c.c.  No.  2  sol, 
and  so  on  down  to  90  c.c.  No.  1  sol.  to  10  c.c.  No.  2  sol.  (4)  Place 
convenient  quantities  of  the  resulting  suspensions  in  the  picked  T.T. 
and  seal  ofi  these  T.T.  in  the  blow  pipe  flame.  (5)  Compare'  the 
turbidity  of  the  test  suspension  placed  in  a  T.T.  of  the  same  calibre  as 
those  containing  the  standard  suspensions  with  these  suspensions.  (6) 
Find-  with  which  suspension  in  the  standard  series  the  test  sihspcn-sion 
corresponds. 

Nttel. — 'This  is  best  done  by  placing  each  of  the  standard  Kunpeunicm  T.  T.  in 
succession  alongside  the  test  suspension  in  a  good  light  over  clearly  printed  matter. 
•The  t<  »t  KUitpension  may  require  dilution  to  bring  it  within  the  range  of  the  standard 
series.  In  that  case  the  degree  of  dilution  must  be  taken  into  account  in  calculating 
the  strength  of  the  test  suspension. 

J,    MR  (      405      )  1 
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S  7'12  (1). — Precipitate  a  freshly  made  strong  sol.  of  barium  chloride 
with  excess  of  suljihuric  acid.  (2)  Boil  the  mixture.  (3)  Collect  the 
precipitate  on  filter  paper.  .(4)  Wash  the  precipitate  repeatedly  with 
D.W.  to  remove  all  trace  of  acidity.  (5)  Dry  the  precipitate.  (6) 
Complete  the  drying  by  roasting  the  precipitate  in  a  porcelain  evaporat- 
ing dish.  (7)  Allow  to  cool.  (8)  Weigh  out  very  carefully  a  quantity 
of  the  dried  barium  sulphate.  (9)  Grind  up  the  dried  barium  sulphate 
in  a  mortar  with  gradual  addition  of  1  per  cent  sod.  citrate'  sol.  to  make 
1  per  cent  suspension.  (10)  Prepare  from  the  1  per  cent  stock  suspen- 
sion by  dilution  ■nath  1  per  cent  sod.  citrate  a  O'l  per  cent  barium 
sulphate  suspension.  (11)  Prepare  a  series  of  standard  suspensions, 
starting  from  the  O'l  per  cent  suspension,  with  1  per  cent  sod.  citrate 
as  diluent,  to  give  90,  80,  70  on  to  10  per  cent  suspensions.  (12)  Prepare 
a  series  of  tubules  from  glass  tubing  free  from  striae,  of  about  4  mm. 
internal  diameter,  and  of  the  same  calibre  and  thickness  throughout,  to 
contain  the  series  of  standard  suspensions  and  also  to  provide  a  number 
of  empty  tubes  for  the  test  suspensions.  (13)  Seal  the  standard  suspen- 
sion series  of  tubes  in  the  blow  pipe  flame.  (14)  Use  iu  test  by  filling 
in  one  vol.  of  the  test  suspension  into  one  of  the  empty  tubes  and  adding, 
if  necessary,  successive  volumes  of  water  until  the  turbidity  of  the  test 
suspension  corresponds'  exactly  to  that  of  one  in  the  standard  series. 
(15)  Calculate-'  the  strength  of  the  test  suspension. 

Notes. — 'Bacteria  will  grow  iu  the  citrate  and  set  up  in  time  a  flocculation  in  the 
suspension  which  cannot  be  broken  up.  -This  is  best  done  by  placing  each  of  the  .stan- 
dard suspension  tubes  in  succession  alongside  the  test  suspension  tube,  in  a  good  light, 
over  clearly  j^rinted  matter.  -'In  the  las  ■  of  organismal  suspensions,  for  which  the 
m  thod  is  most  convenient,  a  previous  original  standardization  of  the  organism 
against  the  barium  sulphate  is  necessary.  This  may  be  done  by  drying  the  organism 
ompletely,  making  a  homogeneous  suspension  of  a  definite  weight  of  the  dried 
organisms  and  finding  its  comparative  value  once  and  for  all  in  the  standard 
suspension  series.  This  value,  which  requires  to  be  determined  for  different 
organisms  separately,  is  preserved,  and  calculations  are  made  by  timple  proportion 
from  this  value,  e.g.,  if  a  suspension  of  a  dried  organism  at  1  mgm.  to  the  c.c.  of 
menstruum  has  been  shown  to  be  equivalent  in  tuibidityto  the  standard  tube 
suspension  containing  80  per  cent  of  O'l  per  cent  barium  sulphate,  then  a  suspension 
of  this  same  organism  iu  the  undried  condition,  which  corresponded,  say,  to  the 
standard  tube  containing  40  per  cent  of  the  0-1  per  cent  barium  sulphate 
suspension,  would  be  estimated  to  contain  the  equivalent  of  40-i-SO  mgm.  =0'5  mgm. 
dried  bacterial  substance  per  c.c.  of  menstruum.  A  homogeneous  suspension  of  any 
dried  organism  is  made  by  soaking  a  weighed  amount  of  the  dried  bacterial  substance 
overnight  in  a  small  quantity  of  the  menstruum  fluid,  triturating  or  shaking  to  suspend, 
and  making  up  to  the  requisite  vol.  by  addition  of  more  diluent.  Another  method  of 
comparison    for  organismal  suspensions   which  suggests  itself  is  that  of  number  of 


ir.  F.  Harvey.  407 

organisms  in  unit  vol.  vrith  turbidity  an  given  by  the  barium  sulphate  suspeunion 
■cries.  The  number  uf  organisms  contained  in  a  suspension  is,  however,  a  variable 
figure  depending  on  the  method  of  enumeration  (8  7*33,  8  7*34,  8  7*35,)  used.  This  fact 
has  to  be  kept  in  mind  when  adopting  number  of  orjTiuiisnis  ui  unit  vol.  as  the  mode  of 
expressing  >|uantity  of  bacterial  substance.  Convenient  and  careful  tables  have  been 
published  showing  the  coiresi)ondence,  for  a  given  vol.  of  lluid,  of  weight  of  difleient 
organisms  in  the  dried  state  with  the  degiee  of  turbidity  of  suspensions,  as  measured  by 
a  standard  baiium  sulphate  .series  of  the  same  organisms  in  the  iindiied  state.  The 
(oUowini!  data  arc  taktn  or  extiaeted  by  calculation  from  published  tables — (i)  1  mgm. 
of  dried  bacterial  substance  is  leptesented  in  million  of  organisms  by  3,000  for  Staphy- 
lococcus aureus,  2,StN)  for  Staphylococcus  albus,  l.uoo  for  B.  typhosus,  1,419  for  B.  coli, 
1,487  R  [laratyphoausA,  1,915  for  B.  dj-senteiiio  (Flexner),  4,633  for  V.  cholerte,  3,000 
for  B.  pyocyaneug,  l,5tj0  for  B.  pneumoni:c  (Friedlienderl,  2,204  for  B.  pioteus.  These 
figuies  are  valid  for  a  Kim  method  of  standardization  (8  7'351 )  only.  Hiemocytometer 
counts  give  higher  numerical  values,  (ii)  The  tuibidity  of  a  suspension  of  1  mgm. 
of  dried  bacterial  substance  in  1  c.c  of  menstiuum  is  in  terms  of  the  equivalent 
dilution  of  a  suspension  of  1  per  cent,  baiium  sulphate — an  11 -fold  for  B.  typhosus, 
B.  {laratyphosus  A  and  B,  B.  coli  and  B.  enteiitidis  (G.-crtner),  14-fold  for  B.  pyocyanous, 
9-fold  for  Staphylococcus  aureus.  Staphylococcus  albua  and  B.  proteus,  16-fold  for  B. 
pneumoniie  (Friedliender)  and  V.  cholerie.  (iii)  A  0"1  per  cent  suspension  of  pure  baiium 
sulphate  in  1  per  cent  sod.  citrate  sol  corres|X)nds  in  turbidity  to  a  suspension  in  milli- 
grammes of  dried  substance  per  cubic  centimetre  of  menstruum  of  1"92  for  M.  catarrhalis 
grown  on  blood  agar,  1  78  for  V.  cholcr«,  r63  for  B.  influenza;,  1"57  for  Gonococcus, 
l'38fi>r  I'neumococcus.  l'33forB.  pyocyaneus  and  Meningoccus  1 '25 for  )I.  catarrhalis, 
l*14  for  B.  dysenterise  (Shiga  and  Flexner),  I'lO  for  B.  typhosus,  B.  paratj'phosus  A  and 
B,  and  B.  coli,  1*06  for  M.  melitensis,  0°94  for  Staphj'lococcus  aureus  and  0°84  for  Staphy- 
loccas  albus,  when  grown  on  ordinary  agar.     The  values  for  turbidities  equal  to  90,  80,  70 

10  per  cent  of  O'l  per  cent  barium  sulphate  can  be  calculated  by  proportion 

from  these  values ;  e.g.,  if  a  test  suspension  of  B.  typhosus  from  a  living  culture 
corresponds  tothe60per  cent,  suspension,  the  concentration  would  be  given  aa  t>0  percent 
of  riO  mgm.  [)erc.c.=0'66  mgm.  weight  of  dried  bacteria  per  c.c. 

S  7-13  V.  B  8-132. 

S  7'14 — (1)  Dilute  the  test  suspension  in  a  narrow  T.T.  of  10  to 
12  mm.  diameter  with  085  S.S.S.  until  print  2  mm.  in  width  can  be 
clearly  read'  through  it. 

Notes, — 'A  turbidity  corresponding  to  2,000  to  3,000  iKillion  B.  typhosus  pir 
c.c.  ;  roughly  that  obtained  when  milk  is  diluted  200  times  with  water. 

S  7'15. — (1)  Use  as  standard  turbidity  suspension': — 1  percent 
mag.  sulphate  6  ;  1  per  cent  Ij'sol  in  D.  W.  1,000. 

Notet. — 'Equivalent  in  lurhifiity  to  about  27,000  million  B.  typhosus  per  c.c. 

S  7-16  TINTUROMETER.— (1)  Use  a  perfectly  clean  glaas 
cylindrical  measure,  with  foot  free  from  air  bubbles  or  gross  flaws. 
(2)  Let  it  be  of  10  c.c.  capacity  and  of  suitable  calibre,'  graduated  in 
1-lOth  or  2-lOth  c.c.  (3)  Provide  the  lower  half  of  the  cylinder  with  a 
(jovering  of  black  paper  or  card-board,  capable  of  slipping  up  and  down 
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the  stem.  (4)  Use  a  steel  rule-  clearly  inscribed  with  figures  as  the 
gauge  of  turbidity.  (5)  Add  1  c.c.  of  O'l  per  cent  barium  sulphate 
suspension  to  the  measure.  (6)  Add  3  c.c.  D.W.  to  give  a  dilution 
of  1-4.  (7)  Mix  well.  (8)  Place  the  foot-rule  on  a  sheet  of  white  paper 
in  a  good  light.  (9)  Stand  the  cylinder  measure  over  a  selected  number^ 
on  the  foot-rule.  (10)  Remove  the  fluid  in  quantities  of  1-lOth  or 
2-lOth  c.c.  from  the  cylinder  by  means  of  a  capillary  pipette  furnished 
with  a  teat,  until  the  selected  number  just  becomes  visible*  when  looked 
down  upon  through  the  fluid.  (11)  Read  off  the  number  of  c.c.  left 
in  the  cylinder.^  (12)  Reject  the  fluid  left  and  clean  the  cylinder  with 
D.  W.'*  (13)  Add  the  test  fluid  to  the  cylinder.  (14)  Proceed  as  in 
the  case  of  the  standard  fluid  and  find  the  number  of  c.c.  of  test  fluid 
which  will  give  equally  minimum  visibility  of  the  selected  number 
as  the  stock  standard  fluid.  (15)  Compare  this  number'  with  that 
given  by  the  standard  barium  sulphate  suspension,  or  by  a  '  normal  ' 
fluid. 

Notes. — 'A  length  of  cylinder  which  gives  10  c.c.  in  about.  12  cm.  is  con- 
venient. ^A  standard  print  will  serve  the  purpose.  The  steel  rule  is  convenient 
because  of  its  permanency  and  the  ease  with  which  it  can  be  cleaned.  'It  is  advisable 
always  to  use  the  same  number,  as  the  eye  becomes  accustomed  to  its  appearance. 
^Practice  will  establish  a  standard  limit  for  visibility,  which,  other  things  being 
equal,  may  then  be  the  measure  of  light  absorptive  power  of  the  test  suspension. 
It  does  not  matter  that  the  standard  may  differ  slightly  in  different  hands.  Each 
individual  establishes  his  own  standard.  Until  such  a  standard  is  so  established, 
or  if  the  conditions  of  lighting  are  very  variable,  it  will  be  necessary  to  employ  a 
'  normal  '  or  a  standard  suspension  along  with  the  test  fluid  on  each  occasion  of  use. 
Instead  of  subtracting  fluid  until  the  selected  number  becomes  just  visible,  the 
instrument  may  be  used,  if  desired,  in  the  reverse  way — the  test  fluid  may  be  added 
to  that  in  the  cylinder  until  the  number  ju.st  disappears  from  sight.  This  number, 
obtained  with  the  standard  barium  sulphate  suspension,  is  a  standard  number  for 
the  instrument.  By  its  means  new  instruments  may  be  standardized  against 
the  original  instrument  and  thus  any  determinations  with  the  new  instrument  made 
comparable  with  the  old.  =This  is  the  standard  number  for  the  instrument.  «The 
cylinder  is  then  ready  for  further  use.  The  D.W.  adhering  to  the  glass  should  be 
got  rid  of  with  alcohol  and  ether  or  by  rinsing  out  the  cylinder  with  a  small 
quantity  of  the  suspension  about  to  be  tested.  When  the  instrument  is  to  be  put 
away,  wash  it  rut  and  dry  it.  After  drying,  it  may  be  cleaned  with  abs.  ale.  followed 
by  ether.  Place  a  wool  plug  in  the  mouth  of  the  cylinder  to  exclude  dust.  'The 
absolute  numbers  them.selves,  without  being  represented  as  a  fraction  of  the  standard 
or  '  normal,'  are  sufficient  for  purposes  of  inter-comparison,  if  the  same  conditions 
prevail  throughout  the  experiment.  Supposing  that  the  original  colour  of  the 
menstruum  and  its  light  absorptive  effect  has  to  be  considered  apart  from  that  of 
the  particles  wliich  may  be  in  suspension,  the  method  has  to  be  slightly  modified 
The  eSeot  of  the  colouration  by  itself  alone  has  to  be  measured.     The    menstruum 
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•4  to  be  freed — as  by  oentrifuging  at  high  speed,  or  by  sedimentation — -from  it 
suspended  matter.  Ill  the  case  of  growth  uf  micro  organisms  in  a  fluid  medium,  tho 
medium  may  be  tested,  before  growth  takes  place  in  it.  If  y'  is  tho  6gurc  given 
for  absorption  of  light  by  the  tinturometer  for  fluid  A  apart  from  thtt  due  to  the 
presence  of  suspended  particles,  and  y- that  similarly  for  fluid  B,  while  y^  and  y« 
are  the  figures  for  these  fluids  with  their  suspended  particles,  then  turbidity  of  fluid  A 

yi  v'— v' 
bears  the  proportion  to  turbidity  of  fluid  B  ==  ~  x  "  ^ "  »  *-g.,  if  the  tinturo- 
meter figure  for  a  fluid  nutrient  medium  A  was  9  before  growth  and  1*5  after 
growth  and  the  figure  for  a  nutrient  medium  B  was  ti  before  growth  and  O-o  after 
growth,  then  growth  in  .A^growth  in  B=9^6>;  (9  — la)-;-(6— 0-5)=»2.  The  uses  of  tic 
instrument  are  many.  It  can  bo  used  for  bacterial  suspensions,  blood,  silt  in  water, 
albumin  in  urine,  sugar  in  urine,  etc. 

S  7-2  TINT, 

S  7'21. — (1)  Use  one  of  the  various  forma  of  tintometer  of  which 
there  are  very  aumerous  varieties.' 

Hot««.^'The  various  makes  of  haemoglobinoraeters  are  tintometers  and  can  in 
many  cases  be  adapted  for  use,  if  standard  solutions  for  comparison  are  available,  for 
measuring  any  typeoftint.  Thusthe  hscmoglobinometcr  of  Autcnrieth  and  Koenigs- 
berger,  with  a  wedge  capable  of  being  filled  with  standard  tint  fluid  and  an  arbitrary 
scale,  is  suitable  for  a  variety  of  purposes. 

S  7-22  TINTOMETER  TUBES.— (1)  Prepare  a  stock  standard 
solution  of  the  requisite  tint,  with  the  addition  if  necessary  of  a  preser- 
vative.- (2)  Prepare  a  number  of  tubules  15  in  all  from  the  same  piece 
of  glass  tubing  carefully  chosen  as  having  the  same  thickness  and  calibre 
throughout  and   being  free  from    striae.     (3)   Prepare  from  the  stock 

standard  sol.,  by  dilution'  90,  80,  70 10  per  cent  solutions.     (4) 

Fill  10  of  the  cubulea  prepared,  with  undiluted  stock  standard  solution 
and  the  several  dilutions  made  from  it.  (5)  Seal  off  the  ten  tubules.* 
(6)  Keep  the  5  empty  tubules  as  testing  tubules.  (7)  Carry  out 
the  test  of  comparison  of  tint  in  precisely  the  same  way  as  with 
the  tubules  similarly  constructed  for  standardization  of  turbidity 
(S  7 '12).  (8)  Calculate^  the  result  of  comparison  for  the  teat 
solution. 

Not»J. — 'In  the  case  of  haemoglobin  such  a  stock  standard  sol.  would  be  given  by 
liberating  the  hemoglobin  from  1  vol.  of  the  blood  of  a  healthy  man  with  9  vol.  of  N-lO 
hydrochloric  cid.  It  should  be  reiuembercd  that  increased  altitude  of  residence 
results  in  increase  of  hxmoglobin  content  per  unit  vol.  in  tho  healthy  man.  -The  N-10 
hydrochloric  acid  nerves  as  a  preservative:  chloroform,  carbolic  acid,  formalin,  cam 
phor,  thymol,  toluol,  etc.,  may  also  be  tried  as  preservatives.  ^Dilute  with  N-10  hydro- 
chlonc  acid.  'A  deposit  may  form  with  time  consisting  probably  of  stromata  which 
tend  to  abstract  the  haemoglobin  from  the  solution.  Simple  shaking  up  of  the  tubules 
restores  the  original  standard  state.  'The  concentration  of  the  stock  standard  sol. 
will,  with  the  degree  of  dilution  of  this  solution  given  by  tho  tubule  solution  which 
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correspond  ■  in  tint  to  that  of  the  test  sol.,  form  the  basis  of  the  calculation  ;  e.g.,  if  the 
stock  standard  sol.  i  a  1-1000  dilution  of  h.-emoglobin  as  found  in  the  blood  of  a 
healthy  man,  and  a  1-1000  dilution  of  the  test  blood  corre.sponds  in  tint  to  the  sol. 
contained  in  the  70  per  cent  tubule,  then  the  test  sol.  will  be  judged  to  contain 
'     per  cent  of  the  hiemoglobin  of  a  normal  healthy  person. 

S  7*23.  (1)  Use  the  tint  urometer,  for  measurement  of  depth  of 
tint,  as  described  under  turbidity  (S  7'16).  (2)  Prepare  a  stock 
standard  sol.  of  definite  tint,  with  the  addition  of  a  preservative  if 
necessary.     (3)  Fill  this  sol.  from  the  stock  bottle  into  the  tinturometer. 

(4)  Place  the  foot-rule  over  a  sheet  of  white    paper  in  a  good   light. 

(5)  Stand  the  cylinder  measure  over  a  selected  number  on  the  foot-rule. 

(6)  Eemove  the  fluid  in  quantities  of  1-lOth  or  2-lOth  c.c.  from  the 
cylinder  by  means  of  a  capillary  pipette  furnished  with  a  teat,  until 
the  selected  number  just  becomes  visible  when  looked  down  upon 
through  the  fluid.  (7)  Bead  off  the  number  of  c.c.  left  in  the  cylinder. 
(8)  Keject  the  fluid  left  and  clean  the  cylinder  with  D.W.  (9)  Add 
some  test  fluid  to  the  cylinder  to  rinse  it  out.  (10)  Add  the  test  fluid 
to  the  cylinder  and  find  the  number  of  c.c.  test  fluid  which  will  give 
equally  minimum  visibility  of  the  selected  number  as  the  stock  standard 
sol.  (11)  Compare  this  number  with  that  given  by  a  '  normal '  fluid 
or  b}'  the  stock  standard  sol. 

S  7-3  BACTERIAL  ANTIGEN. 

S  7  31  BY  WEIGHT 

S  7  311  DRIED — (1)    Desiccate  the  antigen  to  constant  weight. 

(2)  Weigh  out  the  quantity  uecessarj^  to  make  a  suspension  of  definite 
strength.  (3)  Make  into  a  suspension  with  the  requisite  amount  of 
0"85  S.S.S.  or  other  menstruum. 

S  7-312  UNDRIED.i-(l)  Remove  the  organismal  growth  from  a 
24-hours  culture  on  an  agar  slope.     (2)  Place  it  in  a  weighed  watch  glass. 

(3)  Weigh  the  watch  glass  and   contents  rapidly  on  a  chemical  balance. 

(4)  Calculate  the  weight  of  the  moist  organismal  growth.  (5)  Add  a 
definite  quantity^  of  05  per  cent  carbolized  0-85  S.S.S.  or  other 
menstruum.  (6)  Work  up  the  growth  in  the  salt  sol.  by  means  of  a 
glass  rod  to  give  a  imiform  suspension.  (7)  Dilute  further  with  0"5 
per  cent  carbolized  0"85  S.S.S.  or  other  menstruum  to  give  the  concen- 
tration^ desired. 

Notes. — 'The  objection  to  the  standardization  of  moist  organismal  growth  by 
weight  is  that  it  varies  with  the  amount  of  moisture  taken  up  in  culture.  ^E.g.,  1  c.c. 
^E.g.,  1  mgm.  per  c.c. 
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S  7-32  BY  TURBIDITY.Hl)  t^se  methods  S  7-12.  S  7-13, 
S  716. 

S  7-33  BY  H/EMOCYTOMETER  COUNT. 

S  7*331. — (1)  Prejjare  a  suspension  of  washed  erythrocytes  in  the 
same  fluid  as  the  test  organism  is  suspended  in.  (2)  Count  the  number 
of  erythrocj-tes  contained  in  unit  vol.  of  the  erythrocHe  suspension 
by  haemocytometer.  (3)  Mix  9  vol.  teat  bacterial  suspension  with 
1  vol.  1  per  cent  methylene  blue.  (4)  Place  the  stain  and  test  bacterial 
suspension  in  a  T.T.  in  a  water  bath  at  45C.  (5)  Raise  the  temperature 
of  the  water  bath  to  60C.  (6)  Keep  at  this  level  15  rain.-  (7)  Mix  a 
suitable  number'  of  vol.  of  stained  bacterial  suspension  with  1  vol. 
er\-throc\-te  suspension.  (8)  Place  a  droplet  of  the  mixture  on  a  slide. 
(9)  Cover  immediately  with  a  cover  glass  and  lute  with  vaselin.  (10) 
Make  2  or  3  such  preparations.  (11)  Examine  under  a  l-Tith  in. 
immersion  lens.  (12)  Count  held  by  field'  the  number  of  stained  bacte- 
ria'^  and  erythroc}'te3  present.  (13)  Calculate"  from  the  results  the 
number  of  bacteria  in  1  c.c.  of  bacterial  suspension. 

Notes. — 'Usually  OSo  S.S.S.  or  nutric  it  bouillon.  -The  temperature  mu»t  be 
kept  constant  and  must  not  be  exceeded,  else  there  is  a  tendency  for  the  stain  to  form 
large  blocks  of  deposit.  'A  trial  may  be  made  of  lu  vol.  'About  5U  Golds  should  suffice. 
'These  will  be  found  to  lie  in  different  planes  and  require  up  and  down  focussing  for 
enumeration.  'Nine-tenths  the  number  of  bacteria  contained  in  1  c.c.  test  bacterial 
suspen8ion^(No.  of  erythrocytes  in  1  c.c.  erythrocyte  suspension-i-  No.  of  ery- 
throcytes counted)  x  (No.  of  bacteria  counted -H No.  of  %'ol.  of  bacterial  suspension 
used).  The  6gure  9-10  in  this  calculation  is  due  to  the  fact  that  the  test  bacterial 
suspension  is  diluted  with  1-IOth  of  its  vol.  of  stain  and  a  correction  is  necessary  for 
this. 

S  7 '332. — (1)  Use  as  diluting  fluid  for  the  teat  bacterial  suspension 
1  part  sat.  thionin  blue  in  abs.  ale.  to  40  parts  1  per  cent  phenol.  (2) 
Filter  before  use.  (3)  Use  a  counting  chamber  O'l  or  better  0'02  mm. 
deep.  (4)  Allow  time  for  settlement,  (o)  Count  a  sufficiency  of 
squares,  paying  special  attention  to  the  organisms  adlu^rent  to  the  under 
surface  of  the  cover  glass. 

Notts. — 'If  the  thionin  in  the  stain  is  too  concentrated  un  ubnurmal  number  of 
stiined  bacteria  adhere  to  the  under  surface  of  the  covcralip.  Agglutination  if 
bacteria  also  occurs.  Other  staining  and  diluting  solution.i  which  may  bo  uitcd 
are: — (i)  0-0.5  per  cent  diblia  in  I  per  cent  formalin,  (ii)  hydrochloric  acid  2  ;  1-500 
mercuric  chloride  100  ;  1  per  cent,  fuchsin  in  sufficient  quantity  tu  give  a  deep 
cherry  red  colour.  The  mercuric  chloride  form  an  albuminate  on  the  surface  of 
the  bacteria,  which  pro  i  ntea  rapid  sedimentation,  (iii)  formalin  2  ;  ale.  gentian 
riolet  5  ;  1  per  cent  sod.  chloride  100.  (iv)  carbol  fuclisiii  0-25  ;  5  per  cent  phenol 
10 » 
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S  7-34  BY  COLONY  COUNT. 

S  7*341, — (1)  Use  sterile  capillary  pipettes' with  slightly  upturned 
ends,  calibrated  to  100  c.mm.  capacity.  (2)  Make  suitable  dilutions 
1-100,  1-10,000,  etc.,  by  adding  100  c.mm.  from  the  test  suspension  to  a 
T.T.  containing  10  c.c.  085  S.S.S.  or  sterile  bouillon,  and  from  that 
carrying  over  the  same  amount  to  a  second  T.T.  containing  10  c.c.  of 
diluent,  and  so  on.  (3)  Shake  to  mix.  (4)  Take  up  100  c.mm.  from  the 
I-lOO  dilution  of  the  test  suspension.  (5)  Place  3  successive  portions  of 
this  quantity  on  3  dry  agar  T.T.  slopes,  rubbing  the  quantum  ejected 
well  in  over  each  slope.  (6)  Rest  each  T.T.  wdthout  its  wool  plug  on 
glass  tubing  or  other  support  in  as  nearly  horizontal  a  position  as  possible. 
(7)  Allow  to  dry  in  this  position.  (8)  SteriUze  the  mouths  of  the  T.T. 
and  the  corresponding  wool  plugs.  (9)  Replace  the  wool  plugs  in  the 
T.T.  (10)  Incubate.  (11)  Proceed  in  similar  fashion  for  the  1-10,000 
and  other  dilutions.  (12)  Count  the  colonies  which  develop.  (13) 
Calculate  from  the  number  of  colonies  the  number  of  organisms 
contained  in  1  c.c.  of  the  test  suspension. 

Notes. — 'Thirty  or  more  of  these  calibrated  pipettes  can  be  made  in  an  hour. 
^Upturned  to  avoid  scratching  the  surface  of  the  agar  slope.  'Bouillon  is  a  better 
diluent  than  salt  sol.  ^Strictly  speaking,  should  be  9-9  c.c.  instead  of  10  c.c.  ''If  fresh 
sterile  capillary  pipettes  are  not  available,  the  one  pipette  may  be  used  for  all  opera, 
tions  by  sterilizing  at  each  separate  step  in  boiling  water.  The  boiling  water  is  simply 
aspirated  into  and  ejected  several  times  from  the  pipette.  'It  is  highly  important 
to  have  the  agar  slope  thoroughly  dry.  This  may  be  done  by  placing  the  T.T.  in 
the  incubator  on  the  evening  previous  to  test  in  an  inverted  position.  Water  of 
condensation  is  taken  up  by  the  wool  plug.  'Thus  if  in  the  3  T.T.  used  on  which  to 
plant  out  100  c.mm.  there  developed  8,  12,  and  10  colonies,  respectively,  making  a 
total  of  30  colonies,  and  the  dilution  used  was  1-10,000,  the  calculation  would  be 
30X  lOx  10,000  =  3.000,000  organisms  per  c.c.   in  the  test  suspension. 

S  7*342.— (1)  Use  10  c.mm.  calibrated  capillary  pipettes  (S  9*21). 
(2)  Sterilize  and  fit  with  rubber  teats.  (3)  Have  in  readiness  3 
T.T.  containing,  respectively,  10  c.c,  1  c.c.  and  10  c.c.  sterile 
bouillon  in  each.  (4)  Make  No.  1  dilution  of  the  test  suspension  by 
transferring  10  c.mm.  to  No.  1  T.T.  containing  10  c.c.'bouillon=l-l,000 
dilution.  (5)  Wash  out  the  pipette  well  with  the  bouillon.  (6)  Shake 
to  mix.  (7)  Make  No.  2  dilution  bytransferring  with  a  fresh  pipette  10 
c.mm.  from  No.  1  dilution  to  No.  2  T.T.  containing  1  c.c.  bouillon  = 
1-100,000  dilution.  (8)  Wash  out  the  pipette  well  with  the  bouillon. 
(9)  Shake  to  mix.  (10)  Make  No.  3  dilution  in  the  same  way  bytrans- 
ferring 10  c.mm.  from  No.  1  dilution  to  No.  3  T.T.  containing  10  c.c. 
bouillon=l-l,000,000  dilution.'     (11)  Use  a  sterile  100  c.mm.  calibrated 
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oapillarv  pipette  (S  9*21)  fittetl  with  a  nihber  teat.  (12)  Mark  off  a 
\\  in.  Petri  diah  coutainiug  nutrient  agar  into  4  equal  sectors  by  means 
of  lines  drawn  with  a  grease  pencil  on  the  bottom  of  the  dish.  (13)  Plant 
out  by  droplets-,  or  by  a  succession  of  closely  parallel  lines.  100  c.nini.  of 
No.  3  dilution  on  each  of  2  sectors  of  the  Petri  plate  and  100  c.niin.  of 
No.  2  dilution  on  each  of  the  remaining  two  sectors.  (14)  Incubate 
the  plate  in  the  inverted  position  24  hours.  (15)  Count  the  colonies 
which  have  develojjed.  (16)  Calculate''  the  number'  of  organisms 
in  the  original  suspension. 

NotM. — 'There  are  many  other  ways  of  making  the  necessary  dilut  on  of  the 
test  suspension.  If  it  is  not  convenient  to  work  with  capillary  pipettes,  dilutions 
may  be  made  by  10-fold  steps  by  transferring  1  c.c.  of  suspension  from  each  of  asucces 
sionofT.T.  containing  9  c.c.  bouillon  to  the  other.  Instead  of  bouillon  0-85  S.S.S. 
may  be  used  as  the  diluent.  -These  droplets  are  very  minute  and  represent  roughly 
about  0-5  c.mm.  each.  With  the  dilution  used  they  may  be  expected  to  contain 
not  more  than  I  organis  i  in  each  droplet.  ""If  in  2  sectors  taken  together  sown 
from  the  1-1,000,000  dilution  80  colonies  develop,  then  the  original  test  suspension 

80 
will     contain  "3  >:  l.fOO.OOOx  10     400,000,000  organisms  per  c.c.     -^This  method  gives 

strictly  the  number  of  living  organi.snis  only  contained  in  the  test  suspension. 
Clumps  of  organisms,  t"",  will  liivrlop  n^   a  single   colon  '. 

S  7-35  BY  FILM  PREPARATION. 

S  7"351. — (1)  Take  a  simple  capillary  pipette  fitted  with  a  teat 
and  make  a  mark  upon  the  stem  about  1  in.  from  the  tip.  (2)  Prick  the 
finger  and  press  out  a  drop  of  blood.  (3)  Draw  up  into  the  pipette 
fir.it  one  vol.  of  blood  and  then,  with  an  air  column  separation,  1  or  more 
vol.  of  bacterial  suspension  according  to  the  concentration  of  the  latter.' 
(4)  Follow  on  with  2  vol.  of  D.W.'  (5)  Expel  the  D.W.  and  bacterial 
suspension  first,  and  mi.x.  (6)  Add  the  vol.  of  blood  and  mix  the 
whole  well  by  aspirating  into  and  expelling  from  the  pipette.  (7) 
Make  from  the  mixture  2  or  more  films.  (8)  Fix  '2  min.  in  sat. 
mercury  bi-chloride.  (9)  Wash  well.  (10)  Stain  4  min.  with  filtered 
carbol  thionin.  (11)  Examine  the  films  to  see  whether  they  are 
satisfactory.'  (12)  Make  a  differential  count  with  an  oil  immersion  lens 
and  high  eyepiece'^  of  the  number  of  bacteria  and  erj'throcytes  in 
each  field.'*  (13)  Calculate'  the  number  of  bacteria  in  1  c.c.  of  test 
suspension. 

NotM. — 'Use  2  or  more  vol.  if  it  appeant  from  an  examination  that  tin-  suspeii 
sion  will  give  very  much  less  than  an  equal  number  of  bacteria  for  erythrocytes.  'Or 
1-5  per  cent  citrated  0'8.5  S.S.S.  'So  that  there  may  be  no  danger  of  the  erythro 
cytes  being  hxniolysed.  'The  erythrocytes  and  1  actcria  should  preferably  be  in 
approximately  equal  number  on  the  film  and  there    should   not  be  present   clump* 
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of  bacteria  or  erythrocytes.  ''Tlic  high  eyepiece  restricts  the  field  of  view  and  so 
reduces  the  number  of  elements  to  be  enumerated.  An  Ehrlich  eyepiece  or  a 
paper  diaphragm  dropped  on  to  the  diaphragm  of  the  eyepiece  will  serve  the 
purpose  also.  *Pass  at  random  from  field  to  field,  traversing  every  region  of  the 
slide.  'Assume  that  the  blood  contains  .t,000  million  erythrocytes  per  c.  c.  then  : — 
No.  of  bacteria  in  1  c.c.  of  the  test  .suspension  =  (Xo.  of  bacteria  counted-^ No.  of 
erythrocytes  counted)X(No.  of  vol.  of  test  bacterial  suspension-^ No.  of  vol.  of 
blood   used)  X  5,000,000,000. 

S  7'352 — (1)  Use  as  standard  a  previously  counted  suspension^ 
of  organisms  of  convenient,  strength-  for  comparison  with  the  test 
suspension,  consisting  of  Gram-negative'  organisms  when  the  test 
organism  is  Gram-positive  and  of  Gram-positive' organisms  when  the 
test  organism  is  Gram-negative.  (2)  Dilute  the  test  suspension  to 
approximately  the  same  opacity  as  the  standard  suspension  and  note 
the  degree  of  dilution  required.  (3)  Mix  equal  vol.  of  standard  suspen- 
sion and  diluted  test  suspension.  (4)  Make  films  on  slides  from  the 
mixture.  (5)  Fix  the  films  by  heat.  (6)  Stain  the  films  by  Gram's 
method  and  counterstain  with  2  per  cent  neutral  red.  (7)  Make  a 
differential  count  with  an  oil  immersion  lens  and  high  eyepiece  of  the 
number  of  test  suspension  bacteria  and  the  number  of  standard  suspen- 
sion bacteria  in  each  field.  (8)  Calculate'^  the  number  of  bacteria 
in  1  c.c.  of  test  suspension. 

Notes. — 'This  suspension,  with  the  addition  of  some  2  drops  of  formalin,  will 
keep  well  and  serve  for  a  long  time  as  a  standard.  '^E.g.,  1,.500  to  2,000  million  p  r  c.c. 
^E.g.,  B.  coU.  *E.g.,  Staphylococcus  aureus.  ^No.  of  bacteria  in  1  c.c.  test 
suspensions  (No.  of  test  suspension  organisms  counted-^ No.  of  standard  suspension 
organisms  counted)  X  No.  of  organisms  in  1  c.c.  of  standard  suspension  X  degree  of 
dilution  of  test  suspension. 

S  7-36  BY  AREA  OF  GROWTH. 

S  7*361— (1)  Make  a  suspension  of  seed  culture  in  0-85  S.S.S.  (2) 
Dilute  it  to  contain,  say,  1,000  million  organisms  per  c.c.  or  estimate  the 
bacterial  content  in  terms  of  weight  and  dilute  to  convenient  strength. 
(3)  Sow  10  c.mm.  of  the  diluted  suspension  over  the  whole  of  a  definite 
area"  of  an  agar  slope.  (4)  Incubate  24  hours.  (5)  Add  as  many  c.c. 
of  0'85  S.S.S.  to  the  T.T.  as  there  are  square  centimetres  in  the  area 
selected  for  growth.  (6)  Make  a  suspension-  of  the  growth  in  the 
added  fluid. 

Notes. — 'The  breadth  of  the  agar  slope  at  the  middle  is  estimated  by  means  of  a 
centimetre  rule,  and  2  parallel  lines  drawn  across  the  tube  at  a  convenient  distance 
from  one  another  indicate  the  upper  and  lower  limits  of  sowing.  -Each  c.c.  of  this 
suspension  will  represent  the  yield  from  a  square  centimetre  of  medium. 
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S  7'362. — (1)  Sow  completely  the  grow'th  area  of  a  slope  agar  tube. 
(2)  Incubate  24  hours.  (3)  Estimate  the  area  of  growth  in  square  centi- 
metres by  measuring  its  length  and  its  breadth  and  multiplying  the 
two  figiires  together.  (4)  .\dd  as  many  c.c.  of  suspending  fluid  to  the 
tube  as  there  are  square  centimetres  of  growth.  (5)  Make  a  suspeasion 
of  the  growth  in  the  fluid.' 

Notts. — 'Each  c.c.  of  the  su'<|H-nsiiin  will  represent  the  yield  from  a  square 
centimetre  of  mediiiiu. 

S  7  37  BY  PLATINUM  LOOP. 

S  7'371.  -(1)  Pick  up  from  a  growth  on  agar  a  given  number 
of  standard  ioopfuls'  and  suspend  in  a  measured  quantity  of  085  S.S.S. 

Notts. — '.A  platinum  loop  of  4  mm.  internal  diameter  holds  approximately  2 
mfrm.  or    rou::hly    2."»'mi.o0)I,0(m»    onjaui-^ni';. 

S  7-38  BY  MINIMAL  LETHAL  DOSE.' 

HoHt.—^S((   also  B  8-9.  B   9-2 

S  7-381 '.—(1)  I'se  50  G.  P.  of  weight  .350-400  grm.  (2)  Inject 
subcutaneously  05  mgm.  of  the  13-day  living  gro\vth  of  B.  tuberculosis 
in  bouillon,  contained  in  a  vol.  of  05  c.c.  0-85  S.S.S.  (3)  Weigh  the 
animals  to  determine,  from  the  loss  of  weight,  when  they  have 
become  infected  and  are  ready  for  test.-  (4)  Dilute  the  test  tuber- 
culin 10-fold.  (5)  Inject  a  series  of  the  prepared  G.  P.  subcutaneously 
with,  say,  0-5,  075,  1, 15,  2 and  3  c.c.  of  the  diluted  test  tuberculin.  (6) 
Take  the  smallest  dose  of  tuberculin  which  kills  a  prepared  G.P.  within 
24  hours  as  the  titre'  of  the  test  tuberculin. 

Notes. — 'Animal  test.  The  example  chosen  in  illustration  of  the  M.L.D.  method 
j9  that  of  tuberculin.  -It  is  well  to  make  a  preliminary  trial  on  a  few  of  the  G.I'. 
This  trial  would  take  place  usually  in  the  third  week  after  inoculation  of  living  B, 
tuberculosis.  A  standard  tuberculin  may  be  used  for  the  preliminary  trial  in  doses. 
subcutaneously,  of  0-3,  0-4,  and  0-.'>  c.c.  If  guinea-pigs  in  this  preliminary  trial  die 
in  24  hoars,  the  main  tria\  may  be  proceeded  with.  If  none  die  within  24  hours,  it 
is  advisable  to  wait  a  little  longer  before  making  the  test.  'A  P.M.  must  be  made 
to  determine  the  actuality  of  death  from  tuberculosis.  *A  number  of  the  50  G.I', 
is  usually  set  apart  on  which  to  determine  in  the  same  way  the  M.L.I),  of  a  standard 
tuberculin.  The  test  tuberculin  can  thus  be  compared  directly  as  regards  titre  with 
kn  accepted  standard. 

S  7-382  V.  al.o  S  7-4. 

S  7-39  BY  AGGLUTINABILITY. 

S  7-391  SUSPENSION.— (1)  Subculture  the  organism  to  be 
used  in  test  daily  in  bouillon  two  weeks  or  longer.  (2)  Use  ordinary 
veal  peptone  bouillon,  -[rd  neutralized*  to  phenolphthalein,  in  partially 
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filled  flasks.     (3)  Sterilize  (S  9-6)  not    more   than    15    min.  at    115C. 

(4)  Test  for  sterility  by  iuculiation  48  hours.  (5)  Sow  the  flasks  from 
a  20  to  24  hours  culture  of  the  antigen  organism.  (6)  Incubate  the 
flasks  24  hours.  (7)  Shake  well.  (8)  Add  to  each  flask  O'l  per  cent 
formalin.  (9)  Shake  and  place  in  the  ice  chest  at  2C.  (10)  Shake  at 
intervals   for  5  d.  always   replacing    immediately    in    the    ice    chest. 

(11)  Place  in  cold  storage  for  2  m.  to  become  stabilized.' 

Notes. — 'This  subcLiltivation  has  the  effect  of  increasing  its  agglutinability 
and  diminishing  any  tendency  to  spontaneous  agglutination.  ^The  bouillon  is 
titrated  against  phenolphthalein  and  §rds  of  that  amount  of  sod.  hydroxide  which 
would  render  it  neutral  to  phenolphthalein  added  to  it.  ^Changes,  though  at  first  rapid 
and  not  inconsiderable  in  the  case  of  certain  organisms,  become,  after  a  few  months 
storage  in  the  dark  at  low  temperature,  so  slight  and  slow  that  both  suspension  and 
serum  may,  for  practical  purposes,  be  regarded  as  stable  for  at  least  one  or  even 
two  years. 

S  7-392  STANDARDIZATION.— (1)  Make  the  formalinized 
culture  (S  7'391)  by  dilution  with  O'l  per  cent  formalinized  085  S.S.S. 
approximately  equal  in  opacity  to  that  of  the  standard  agglutinable 
culture.  (2)  Make  a  dilution  of  the  '  standard  agglutinin  serum  ' 
of  such  a  strength  that  1  c.c.  contain8'4  to  8  standard  agglutinating  units. 
(3)  Make  a  series  of  dUutions  1,  2,  3,  4,  5,  6,  7,  8,  10,  12,  16,  20  in  20 
of  the  diluted  standard  serum.     (4)  Set  up  2  racks  of  12  tubules  each. 

(5)  Add  to  the  tubules  of  No.  1  rack  2  vol.,  in  order,  of  each  of  the  dilu- 
tions of  the  diluted  standard  serum.  (6)  Add  the  same  amount  and 
same  series  of  dilutions  to  each  of  the  tubules  of  rack  No.  2.  (7)  Add  to 
each  tubule  in  No.  1  rack  3  vol.  of  standard  agglutinable  culture  and  to 
each  tubule  in  No.  2  rack  3  vol.  of  the  test  formalinized  culture. 
(8)  Keep  the  tubules  2  hours  (dysentery  4-|-  hours)  in  a  water  bath  at 
50  to  55C.  (9)  Remove  and  leave  15  to  20  min.  at  R.T.  (10)  Read 
by  selecting  the  tube  in  the  standard  agglutinable  culture  series 
which  exhibits  standard  agglutination"'  and  ascertain  which  tube  in  the 
other  series  shows  the  same  degree  of  agglutination.  (11)  Repeat  the 
comparison  and  make  more  exact  by  selecting  in  succession  from  the 
first  series  one  or  two  other  tubes  which  exhibit  less  than  standard 
agglutination   and    similarly    matching    them    in    the    second    series. 

(12)  Compare  the  agglutinabilities  of  the  2  suspensions  and  give  the 
test  formalinized  susjjension  the  reduction  factor  which  makes  it 
equivalent  to  standard  agglutinable  culture. 

Notes. — 'Standard  agglutinating  strum  is  not  absolutely  necessary.  Any  serum 
diluted  so  as  to  bring  out  standard  agglutination  within  its  range  of  use  will  serve  as 
the  means  by  which  the  test  formalinized  suspension  is  compared  with  the  standard 
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a!;glutinsble  culture.  'By  artificial  light,  against  a  dark  background.  'The  highcHt 
dilution  in  which  marked  agglutination  without  apdimcntation  can  bo  dcteclod  by  the 
naked  eye.  'E.g.,  if  the  standard  agglutinablo  culture  \»  found  to  be,  Day,  twice  ax  ag- 
glutinable  as  the  killed  culture,  the  factor  to  be  given  tu  the  latter  to  make  it  HtandanI 
will  be  the  factor  supplied  with  the  standard  agglutinable  culture  divided  by  2.  If. 
however,  the  standard  agglutinable  culture  is  found  to  be.  say,  half  as  agglutinable 
as  the  killed  culture,  the  factor  to  be  given  to  the  latter  to  make  it  standard  will  be 
the  factor  supplied  with  the  standard  agglutinable  culture  divided  by  i.  The  number 
of  agglutinin  units  in  a  teat  serum  is  obtained  by  dividing  the  dilution  which  gives 
standard  agglutination  by  the  factor  attaching  to  the  standard  agglutinable 
culture  which  is  used  in  the  test. 

S  7-393  STANDARDIZATION.  HM  ^lake  a  trial  determination 
of  the  titre'  of  the  high  titre  serum '  used,  to  the  test  antigen  and  the 
standard  agghitinable  culture.  (2)  Dilute'*  the  serum  to  contain  twice 
the  amount  of  serum  contained  in  the  titre  dilution.  (3)  ^lake  dilutions" 
again  in  \vatch  glasses  of  this  dilution  of  1,  1-12.J,  r25,  1'375,  r5, 
1'625,  175,  1"875  and  2-fold  degree.  (4)  Use  1  vol.  of  thus  series  of 
dilutions  in  mi.vture  with  1  vol."  of  test  and  of  .standard  antigen 
suspeasion  to  determine  the  titre  of  the  serum  to  each.  (5)  Compare 
the  results  in  any  way  convenient  to  fix  the  agglutinability  of  the  test 
antigen  in  terms  of  standard  agglutinable  culture.  (6)  Use  the  test 
antigen  if  desired  as  the  standard  antigen  with  the  fi.xed  factor  of 
conversion. 

NotM. — 'Any  of  the  various  expressions  of  titre  may  be  taken  for  the  purpose. 
•Any  high  titre  serum  may  be  used.  'This  standard  suspension  is  one  which  is  arbi- 
trarily chosen  in  the  first  instance,  but  which  once  chosen  becomes  the  standard 
against  which  all  laboratory  suspensions  which  may  subsequently  be  made  up  are 
tested  for  their  agglutinability.  The  standard  suspension  is  replaced,  when  it  becomes 
Dsed  up  by  another  suspension,  which  has  been  standardized  against  it.  'That 
is,  a  2-fold  concentration  of  the  titre  dilution.  If  the  titre  dilution  is  1-200,  this  dilu- 
tion will  bo  I -100.  'For  example,  a  1-1 2.'>fold  dilution  of  a  serum  is  calculated  as 
follows  :— M2.'> — 1  =0I2.">.  An  addition  of  0125  vol.  of  diluent  to  I  vol.  of  serum  will 
give  the  required  result.  This  is  equivalent  to  8  vol.  of  serum  plus  1  vol.  of  diluent. 
•Where  vol.  is  used  in  the  description  this  terra  may  be  replaced  by  the  word 
'■  drops."  A  drop  or  a  number  of  drops  is  a  more  easily,  more  rapidly  measured  unit 
vol.  than  that  obtained  by  drawing  up  fluid  in  volumes  to  a  fiducial  mark  on  a 
capillary  stem.  The  drop  maybe  of  any  size  if  used  consistently  throughout  the 
operations.  A  capillary  pipette  furnished  with  a  teat  makes  an  excellent  dropper 
It  requires  to  be  well  washed  out  in  transfers  from  scrum  to  salt  solution  or 
suspension,  or  from  more  concentrated  serum  to  less  concentrated.  The  final 
dilutions  of  the  serum  dilution  used  in  the  series  given  arc  1-2,  2-25,  2-5,  2'75, 
3,  .■J-2.'>,  %■■),  3-75  and  4.  'As  it  is  a  comparison  of  agglutinabilities  which  is  being 
made,  any  point  in  the  one  series  which  gives  an  identical  result  with  any  p'>int  in 
the  second  series  may  be  taken  for  the  determination  of  equivalent,  whether  an  end 
point  or   not. 
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S  7-4  TOXIN'. 

Notes. — 'The  staudardization  of  diphtheria  and  tetanus  toxins  and  their  anti- 
toxins is  a  complicated  procedure  and  the  description  here  given  is  merely  an 
indication  of  the  nature  of  that  procedure.  See  B.  8-91  and  B  8"92  IHr  mori-  detailed 
description. 

S  7-41.  DIPHTHERIA  TOXIN. 

S  7'411, — (1)  Obtain  a  .standard  antitoxic  .serum.  (2)  Mix  one  unit 
of  this  standard  antitoxic  .serum  with  varying  quantities  of  the  test 
toxin.  (3)  Inject  the  mixture  subcutaneonsly  into  a  series  of  250 
grm.  guinea  pigs.  (4)  Determine  from  this  .serie.s  of  G.  P.  the  Lo  dose' 
and  the  L  -)  dose.'' 

Notes. — "The  standard  antitoxin  unit  is  that  quantity  of  antitoxin  which  will 
neutralize  100  times  the  minimum  lethal  dose  of  toxin  for  a  250-grm.  G.P.  This  pure 
fresh  toxin  has  to  be  arbitrarily  selected  in  the  first  instance.  It  is  used  to  standardize 
an  antitoxic  serum,  which  is  then  carefully  preserved  in  the  desiccated  condition  as 
the  standard  material  for  testing  toxin  and  antitoxin.  By  'pure  toxin  '  is  meant  a 
substance  containing  only  toxin  and  not  toxone,  toxid,  or  other  substance  capable  of 
combining  with  antitoxin.  -The  Lo  dose  is  that  quantity  of  toxin  which  is  just 
capable  of  neutralizing  one  .standard  antitoxin  unit,  as  shown  by  survival  of  the  G.P. 
and  by  a  detailed  P.M.  examination  to  show  absence  of  reaction.  ^The  L+dose  is 
the  smallest  quantity  of  toxin  that  will  neutralize  in  mixture  one  standard  antitoxin 
unit,  and  leave  sufficient  toxin  unneutralized  to  kill  in  4  d.  a  250-grm.  G.P.  which  has 
received  the  toxin  antitoxin  mixture  subcutaneonsly.     See  also  B  8*9138. 

S  7-24  TETANUS  TOXIN.— (1)  Inject  subcutaneonsly  increasing 
amount  of  precipitated'  desiccated  toxin  into  a  series  of  350-grm.  G.P. 
(2)  Determine  tlie  minimum  lethal  dose  from  the  deaths  in  the  series 
of  G.P.  used.  (3)  Preserve  the  desiccated  toxin  carefully  for  use  as  a 
standard  for  testing  toxin  and  antitoxin.' 

Notes. — 'Precipitation  with  amnion,  sulphate.  -In  the  case  of  B.  tetani,  it  is  the 
dried  toxin  which  is  preserved  as  the  standard  measure  of  potency  of  antitoxic  sera, 
whereas  in  the  case  of  B.  diphtheria  it  is  a  dried  antitoxic  serum  which  serves  as 
measure.     ^V.     B  8"92. 

S  7-43  SNAKE  VENOM. 

S  7'431. — (1)  Injec'  increasing  amount  of  dried  cobra  venom 
dissolved  in  sterile  D.W.  into  the  ear  vein  of  a  series  of  rabbits.  (2) 
Determine  the  smallest  amount  which  kills  in  15  to  20  min.  (3) 
Use  the  dri<^d  venom,  thus  .standardized  for  the  standardization  of 
antivenomous   serum. 

Notes. — 'To  standardize  : — (»)  inject  a  series  of  2-kilogramme  rabbits  intrave- 
nously with  0-5,  1,  2,  3  c.c,  etc.,  test  anti-scrum,  (ii)  follow  this  injection  1.5  min.  later 
with  one  in  the  other  tar  vein  of  the  determined  minimum  lethal  dose  of  standard 
venom.    This  minimum  lethal  dose  should  be  re-determined  from  time  to  time.  If  1  c.c. 
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is  the  minimum  quantity  of  scruia  vvhioli  svrros  to  gavo  a  2-kilog;rammp  rabbit  from 
the  lethal  otiect  of  the  iiiinimuiii  lethal  doso  of  xtandanl  veiium,  the  serum  iit  Raiit  to 
contain  2000  units  per  c.o.  and  so  in  pruportion  to  the  amount  of  seriim  riM|uired. 
>'.  also  B  9-2. 

S  7"432.— (1)  Use  cobni  veuoin  whiili  has  been  dtvsiccated  in  vacuo 
over  sulphuric  acid,  or  calc.  chloride,  and  preserved  ill  the  desiccated 
state  iu  a  sealed  tube  iu  a  cool,  dark  place.  (2)  Use  as  a  standard  1  nignj. 
of  desiccated  veuoin,  coutaiued  iu  1  c.c.  085  S.S.S.  (3)  Standardize' 
test   antiveuius  against   this  dose. 

Notts. — 'The  standardization  of  the  antivenin  may  take  the  very  simple  form  of  a 
pronouncement  on  the  capability  of  I  c.c.  of  serum  to  preserve  the  life  of  a  rabbit 
for  24  br.  at  least,  against  a  dose  of  1  mgm.  of  venom  per  kilogrm.  weij;lit  of  rabbit, 
when  the  iiii.xture  nf  the  two  is  injected  subcutiineoiisly.  I',  also  B  9'2. 

S  7-5  POLLEN.  V.  A  3-321,  B  8*53. 

S  7.6  WASSERMANN  TEST  ANTIGEN.  V.  WASSERMANN  TEST 
(B  9-8.  B  10-91 

S  7-7  STANDARD  SOLUTIONS. 

Note. — 'Comprising  those  mentioned  in  this  work,  which  are  not  actually  given 
along  with  the  detail  of  the  technique  in  the  test  in  which  i  sed. 

S  7-71  NORMAL  ALKALL 

S  7"711 — (1)  Place  a  small  quantity  of  the  purest  obtainable  sod. 
bicarbonate  in  a  platinum'  capsule.  (2)  Heat  with  a  moderate 
flame"  for  several  hours.  (3)  Place  in  desiccator  to  cool  over 
sulphuric  acid.  (4)  Weigh  the  cap.sule  and  its  contents.  (5)  Heat 
again,  cool  and  re-weigh.  (6)  Continue  the  procedure  until  2  successive 
weighings  show  no  significant  difference  in  weight.  (7)  Remove  a 
quantity  of  the  anhydrous  sod.  carbonate  from  the  capsule  and  dissolve 
with  gentle  heat  in  a  definite  but  small  quantity  of  D.W.  (8)  Weigh  the 
capsule  to  determine  the  exact  weight  of  sod.  carbonate  removed.  (9) 
Make  up  the  solution  obtained,  by  addition  of  a  further  amount 
of  D.W.,  to  normal  strength.' 

Notes. — 'Sod.  carbonate  at  a  high  temperature  will  attack  the  glaze  of  a  porcelain 
capsule  and  hence  such  a  capsule  cannot  be  used.  'Too  high  a  temperature  would 
result  in  some  tonver«ion  to  oxide.     ^5'3  grm.  per  litre. 

S  7*712. — (1)  Weigh  a  platinum  capsule.  (2)  Place  in  it  a  quantity 
of  anhydrous  sod.  carbonate  '  pure  for  analysts.'  (3)  Heat  with  a 
moderate  flame.  (1)  Place  in  a  desiccator  to  cool  over  sulphuric  acid. 
(5)  Place  the  capsule  with  contents  on  a  balance.  (6)  Remove  quickly 
that  amount  of  sod.  carbonate  which  will  leave  in  the  capsule  exactly  53 
grra.     (7)  Dissolve  this  quantity  left  in  thecapsiule  in  D.W.  with  gentle 
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heat  in  a  tared  litre  flask.     (8)  Allow  to  cool.     (9)  Make  up  to  one  litre 
with  D.W.=N-1  alkali. 

S  7'713. — (1)  Place  1,100  c.c.  D.W.  in  a  clean  glass  stoppered  bottle. 
(2)  Drop  in  quickly  i  complete  sticks  of  caustic  soda  from  a  newly  opened 
bottle.  (.3)  Replace  the  stopper  and  allow  the  sticks  to  dissolve  with 
occasional  gentle  shaking.  (4)  Fill  a  graduated  burette  with  some  of 
the  solution.  (5)  Place  100  c.c.  N-10  hydrochloric  acid  (S  7'723) 
in  a  beaker  and  add  2  drops  of  phenolphthalein  indicator  sol. 
(S  7*772).  (6)  Run  in  the  caustic  soda  sol.  slowly  from  the  burette  until 
a  single  drop  changes  the  colourless  sol.  to  a  well-defined  permanent 
but  faint  pink.  (7)  Note  the  amount  of  caustic  soda  sol.  used.'  (8) 
Calculate  the  amount  of  D.W.  to  be  added  to  the  caustic  soda  sol.  to 
make  it  N-1  alkali. 

Notes. — 'It  should  be  less  than  10  c.c.  If  it  is  more  than  10  c.c.,  then  another 
half  stick  should  be  added  to  the  litre  of  sol.  which  should  then  be  re-titrated  ''E.g.,  if 
the  amount  of  caustic  soda  sol.  used  to  neutralize  the  100  c.c.  N-10  hydrochloric  acid 
be,  say,  8-5  c.c,  then  each  8'5  c.c.  must  be  made  up  to  10  c.c.  to  give  N-I  alkali. 

S  7-72  NORMAL  ACID. 

S  7'721. — (1)  Powder  some  well  formed  crystals  of  pure  oxalic  acid. 
(2)  Dry  between  filter  pajDcr  to  remove  extraneous  moisture.  (3) 
Weigh  out  exactly  63-024  grm.  and  place  in  a  litre  flask.  (4)  Wash  out 
the  container  of  the  weighed  quantity  of  oxalic  acid  with  D.W.  into  the 
flask.  (5)  Heat  gently  to  dissolve.  (6)  Allow  to  cool.  (7)  Bring  up 
to  the  litre  vol.  exactly.  (8)  Titrate  against  normal  alkali  and  use 
the  figure  obtained  as  factor  of  conversion. 

Notes. — 'Cannot  be  made  into  a  i  orraal  sol.  by  direct  weighing  alone  owing 
to  uncertain    hydration. 

S  7*722.  (1)  Add  27  c.c.  strong  sulphuric  acid  gradually  to  900  c.c. 
D.W.  (2)  Allow  to  cool.  (3)  Fill  a  50  c.c.  burette  with  normal  alkali 
(S  721).  (4)  Place  20  c.c.  of  the  acid  sol.  in  a  porcelain  evaporating 
dish.  (5)  Add  2  drops  of  phenolphthalein  indicator  sol.  (S  7*772). 
(6)  Run  in  the  normal  alkali  sol.  slowly  and  under  control  from  the 
burette  until  a  single  drop  changes  the  colourless  sol.  to  a  well 
defined  permanent  pink.  (7)  Note  the  amount  of  normal  alkali  sol. 
used.  (8)  Calculate  the  amount  of  dilution^  required  to  make  the  acid 
sol.  a  normal  one. 

Notes. — 'If  normal  sod.  carbonate  be  used,  the  indicator  sol.  should  be  methyl, 
orange.  (S  7*773)  -E.g.,  if  22-5  c.c.  of  normal  alkali  have  been  used,  then  each 
20  c.c-  of  the  acid  sol.  will  require  to  be  made  up  to  22"5  c.c.  to  become  a  normal  sol. 
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S  7-723  N-10  HYDROCHLORIC  ACID.'— (1)  Weigh  out 
1699  gnn.  pure-  silver  uitnite.  (2)  Di;jsolveiua  small  quantity  of  D.W. 
and  make  up  accurately  to  100  c.c.  at  15C  N-10  sol.  (3)  Keep  in  a 
dark  place.  (4)  Place  6-5  c.c.  colourless  strong  hydrochloric  acid  in  a 
stoppered  litre  flask.  (5)  Fill  up  to  the  litre  mark  with  D.W.  (6) 
Invert  several  times  until  mixing  Is  complete.  (7)  Add  D.W.  beyond 
the  litre  mark  almost  up  to  the  stopper.  (8)  Invert  several  times  to 
mix  thoroughly.  (9)  Transfer  exactly  10  c.c.  of  this  acid  sol.  to  a 
porcelain  e\'aporating  dish.  (10)  Add  2  or  3  drops  of  pot.  chromate  sol. 
(S  7  "774).  (11)  Run  in  the  silver  nitrate  sol.  slowly,  stirring  constantly 
with  a  glass  rod.  (12)  Continue  until  a  single  drop  produces  a  pinkish 
red  colour.  (13)  Calculate^  the  equivalence  of  the  acid  and  N-10 
silver  nitrate  solutions.     (14)  Make*  up  the  acid  sol.  to  decinormal. 

NotM. — 'Normal  hvdrochlnric  acid  may  also  be  made  up  and  Htandardizod, 
described  for  sulphuric  acid  (S  7*722)  usinj;  I '3  c.c.  strong  hydrochloric  acid  to  10  c.c. 
D.W  tM  the  crude  sol.  -Purify,  if  necessary,  by  crystallization  and  recrystalliyjition  from 
D.W.  'De<luct  from  the  amount  of  silver  nitiate  sol.  used  0"05  c.c.  for  the  last  drop 
causing  colouration.  The  remainder  will  be  equivalent  to  10  c.c.  of  the  acid  aol.  *If 
11 '7  c.c.  N-10  silver  nitrate  sol.  aic  equivalent  to  10  c.c  acid  sol.,  then  each  10  c.c.  of  the 
acid  soL  will  require  to  bo  made  up  to  11 '7  c.c  to  become  a  dccmormal  sol.  The  deci- 
normal sol.  so  made  up  should  l>e  titrated  against  the  N-IU  silver  nitrate  sol.  to  confirm 
their  equivalence. 

S  7.73  1-15  MOLECULAR  DI-HYDROGEN  POT.  PHOS- 
PHATE.' -(1)  Pri'jtari'  pure  di-hydrogen  ])ot.  jiliosphate  by 
recrystallizing  the  salt  3  times  from  D.W.  (2)  Dry  between  filter  paper 
and  then  in  a  water  oven  at  lOOC.  (3)  Weigh  out  9078  grm.  and  dissolve 
in  about  500  c.c.  D.W.  contained  in  a  tared  litre  flask.  (4)  Add  45"5  c.c. 
phenol  sulphone  phthalein  indicator  sol.  (S  7.775'.  (5)  Make  the 
whole  up  to  1,000  c.c.  with  D.W. 

NotM. — 'Acid  pot.  phosphate,  KHjl'O..  Used  for  eolorimetric  determination 
of  hydrogen  ion  concentration. 

S  7-74  N-5  DI-HYDROGEN  POT.  PHOSPHATE.'— (1)  Weigh 
out  13'616  gnn.  di-hydrogen  pot.  pho.sphate.  (2)  Dissolve  in  about 
300  c.c.  boiled  D.W.  (3)  Add  906  c.c.  phenol  sulphone  phthalein 
indicator  £ol.     (S7  7'5).     (4)  Make  up  the  mixture  to  500  c.c. 

Motet.— 'KHjI'O  .  Used  for  eolorimetric  determination  of  hydrogen  ion 
concentration. 

S  7-75  1-15    MOLECULAR    DI-HYDRATE    OF   SOD.     PHOS- 
PHATE.—(1)     Place   a   quantity   of  crjbtallinc   sod.   jiliohphate    B.  1'. 
J,  US,  i 
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which  should  be  of  the  purest  quality,  in  a  flat  dish,  in  a  layer  not  more 
than  r5  cm.  deep.  (2)  Cover  with  paper  to  protect  from  dust.  (3) 
Allow  to  stand  two  weeks'  at  R.T.  in  a  dry  atmosphere.  (4)  Turn  over 
the  salt  with  a  spatula  every  second  day  and  crush  any  of  the  larger 
lumps.-  (5)  Weigh  out  11 '876  grni.  of  the  di-hydrate  of  sod. 
phosphate  so  prepared  and  dissolve  in  about  500  c.c.  D.W.  in  a  tared 
litre  flask.  (6)  Add  4.5"5  c.c.  phenol  sulphone  phthalein  indicator  sol.-* 
(S  7- 775).     (7)  Make  up  the  vol.  to   1000  c.c. 

Notes. — 'At  the  end  of  two  weeks  the  saltis  transformed  into  a  snow  white  granular 
substance  having  the  composition  Na,,HPO,  2  H„0.  -A  check  may  be  made  during  the 
last  few  days  by  weighing  out  about  100  grm.  with  an  accuracy  of  0"1  grm.  and 
weighing  again  in  the  course  of  2  d.  The  two  weights  should  agree  to  0-1  grm.  It  is 
advisable  to  have  the  water  content  of  the  >alt  checked  by  analysis.  This  may  be 
done  by  determining  the  loss  in  weight  when  the  salt  is  dried  to  constant  weight  at  98C 
in  a  water  oven.  The  loss  should  equal  2'02  per  cent  of  the  weight  of  the  di-hydrate. 
A  1  per  cent  sol.  should  give  a  red  colour  with  a  few  drops  of  phenol  phthalein 
indicator  aoL  (S  7'772).  'The  indicator  sol.  is  required  to  give  a  colorimetric  series  for 
pH  measurement  (S  7"61). 

S    7-76      STANDARD        HYDROGEN  ION     MIXTURES. 

S  7"761, — (1)  Have  in  readiness  : — 50  c.c.  standard  burettes  graduated 
in  1-lOths.,  standard  100  c.c.  flasks,  '  co  dite  tubes'  for  the  standard 
mixtures.  (2)  Qean  the  cordite  tubes  thoroughly  by  boiling  -nith  D.W. 
(3)  Rinse  out  several  times.  (4)  Dry  in  the  water  oven.  (5)  Draw  out 
in  the  blow  pipe  flame  to  give  a  length  of  tube  about  8  cm.,  and  to  leave 
a  constriction  about  3  mm.  in  diameter  through  which  the  tubes  can 
be  filled.  (6)  Make  a  small  cajjillary  funnel  fiom  a  T.T.  by  drawing 
out  a  neck  less  than  3  mm.  in  diameter  and  about  15  cm.  long. 
(7)^  Measure  the  requLsi'r-  amount  of  1-15  molecular  di-hydrat 
of  sod.  phosphate  sol.  (S  7*75)  containing  phenol  red  indicator 
into  carefully  cleaned,  tared,  100  c.c.  flasks  for  the  given  hydrogen 
ion  mixtures  and  make  up  the  volumes  exactly  to  100  c.c.  with  1-15 
molecular  dihydrogen  pot.  phosphate  sol.  (S  7"73).  (8)  Fill  into 
the  '  cordite  '  tubes  the  mixtures  so  obtained  by  means  of  the  small 
capillary  funnel.  (9)  Place  a  few  crystals  of  thymol  in  the  tubes  to 
prevent  any  bacterial  growth.  (10)  Seal  each  of  the  tubes  in  the 
blow  pipe  flame  at  the  constriction.  (11)  Number  them  consecutively 
and  [inscribe  upon  each  of  them  its  pH.  value.  (12)  Keep  in  the 
dark  when'  not  in  use. 

Notes. — 'Cordite  tubes  are  speciallj-  selected  tubes  of  hard  white  glass  which  have 
a  uniform  thickness  of  wall  and  external  diameter.  They  are  used  in  certain  colour 
reactions  in  the  routine  testing  of  cordite.     Any  T.T.  of  good  quality  may  be  used, 
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^>ToTi<)'<1  that  a  carpful  selection  be  raftde  so  that  thoy  ftre  all  of  the  »atnn  measure- 
ments. 'Use  the  (iillowing  amoiiiit.'i  in  o.c.  of  I-IS  moleontar  di-' ydrato  of  lod. 
phosphate  :— 38,  43r..  49-5.  .55-5.  610.  nO-5.  72,  76  5.  »<S-R.  84,  86-3,  80.  01-3.  03,  94-8 
made  up  with  l-l.*!  molecular  di-hydrogen  pot.  phosphate  to  100  c.o.  to  Rive, 
respectively,  hydrogen  ion  concentrations  of  pH — 6'6,  6-7,  6-8,  6-0,  7-0,  7-1,  7-2,  7'3, 
T-4.  7-5.  T«.  7-7,  7-8,  7-9,  and  80. 

S  7-762.— (1)  Add  to  25  c.c.  N-5  di-hydro<;en  pot.  phosphate 
(S  7"74)  ontaining  phenol  reds'  the  following  amounts  of  N-10  sod. 
hydroxide  :— ITS.  2.3-6.5,  2903,  3.5,  39-5,  428,  4.5-2.  46-G  r.p.  (2)  Make 
up  to  100  c.c.  with  water  and  so  obtain  mixtures  of  hydrogen  ion  con- 
centration, pH  6-6,  6-8,  7,  7-2,  74,  7-6.  7-8  and  8. 

Notes. — 'To  prepare  : — (i)  weigh  out  13-616  crm.  di-hydrogen  pot.  phosphate 
(KH.  PO.l  and  dissolve  in  about  300  c.c.  boiled  D.W.  (I'l)  .\dd  00-6  c.c.  of  0-02  per 
cent  phenol  red.  fS7-775V— /iH (  ^Inke  up  the  mixture  to  500  c.c. 

S  7-77  INDICATOR    SOLUTIONS. 

S  7*771. — (1)  Make  a  1  per  cent  phenol  phthalein  in  ale.  of  -937 
specific  gravity. 

S  7'772, — (1)  Make  a  0-5  per  cent  phenol  phthalein  in  .50  per  cent 
ale. 

S  7-773.— (1)  Make  a  01  per  cent  methyl  orange'  in  D.W.  (2)'  Add 
dilute  sulphuric  acid  carefully  from  a  burette  until  the  liquid  tum.s  red 
and  just   ceases  to   be  transparent.     (3)  Filter. 

Notes.      'Xot  affected  by  carbonic  acid  gas.     Not  usable   with  organic  acids. 

S  7-774.— (1)  Make  a  10  per  cent  pot.  monochromate'  sol.  in  D.W. 
(2)  Add  dilute  silver  nitrate  sol.  carefully  from  a  burette  until  a  slight 
red  precipitate  forms.  (3)  .Allow  the  precipitate  to  settle.  (4)  Use 
the  S.N.F.  a.s  indicator  sol. 

Notes. — 'Used  as  indicator  with  silver  nitrate  titration  for  chlorides. 

S  7*775. — (1)  Dissolve  0-1  grm.  phenol  sulphone  phthalein*  in 
100  c.c.  D.W.  to  which  10  c.c.  N-10  sod.  hydroxide  have  been  added. 
(2)  Hasten  the  solution  with  gentle  heating.  (3)  Add  about  300  c.c. 
D.W.  (4)  Neutralize  the  alkaline  sol.  of  the  indicator  exactly  with  10  c.c. 
N-10  hydrochloric  acid.     (-5)  Make  up  the  vol.  to  500  c.c.^ 

NotOJ.— 'f'hi-nol  red.  'Useful  range  for  titration  pH  6-8  lo  8-4  ;  colour  yellow 
to  red. 

S  7*776.- (1)  Prepare  004  per  cent  brom  thymol  blue.'  (2)  Use 
to  give  a  distinct  grass  green-  colouration  in  titration. 

Note*.— 'Uibromothymol  sulphone  p  thalein.  'This  ie  approximHtely  true 
neutrality  =-pH    6-6    to    7-4. 
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S  7-777, — (1)  Prepare  a  0-5  per  cent  ale.  sol.  of  thymol  phthalein. 
(2)  Use  to  give  a  simpje  darkeuing  of  colour'  as  compared  with  a 
control. 

Notes. — 'This  simple  darkenins  of  colour  take.s  place  on  the  alkaline  side  of 
noiitrality,  pH  8-75  to  8-9,  at  1.50. 

S  7'778. — (1)  Mix  equal  parts  0-5  per  cent  china  blue  in  aqueous 
sol.  and  1  per  cent  rosolic  acid  in  95  per  cent  ale.  to  give  an  indicator 
sol.  I 

Notes. — 'The  colour  turning  point  of  this  indicator  is  very  close  to  pH=7  ; 
colourless  or  nearly  so  at  pH=7,  turning  blue  as  the  reaction  becomes  acid  and  red 
as  it  becomes  alkaline.  This  indicator  11  ay  be  added  directly  to  a  nutrient  medium. 
1  e.c  per  100  c.c.  and  the  reaction  of  the  medium  adji  stcd  by  titration  of  the 
medium  or  sample  of  medium  directly.  The  indicator  has  no  effect  on  the  nutrient 
qualities  of  the  medium. 

S  7*77'. — (1)  Use  TG  per  cent  brom  cresol  purple'  in  95  per  cent 
ale.     (2)  Add  1  c.c.  per  litre  of  medium. 

Notes. — 'Purple  in  neutral  or  alkaline  media,  yellow  in  acid  media  :  pH  .5-2  to 
pH  <iS.     Useful  particularly  to  detect  increase  of  acidity  in  sugar  media. 

S  7-79  INDICATOR  SOLUTIONS. 

S  7'781. — (1)  Use  16  per  cent  cresol  red  in  95  per  cent  ale. 
(2)  Add  1  c.c.  per  litre  of  medium. 

Notes. — 'Yellow  in  neutral  or  acid  media,  red  in  alkaline  media.  A  very  satis- 
factory mixture  is  given  by  mixing  0'5  c.c.  each  1 '6  per  cent  ale.  sol.  brom  cresol 
purple  and  cresol  red  and  adding  this  amount  per  litre  of  medium.  This  mixture 
changes  very  slowly  from  purple  to  yellow  through  a  long  range  from  about  pH  = 
8'0  to  about  pH  =  5'0.  By  comparing  with  a  blank  tube  of  the  neutral  medium  it  is 
very  easy  to   detect   an  increase  in   either  acidity  or  alkalinity. 

S  7'78?. — (1)  Mix  equal  parts  0'5  per  cent  china  blue  in 
aqueous  sol.  and  0'2  per  cent  phenol  red  to  give  an  indicator  sol. 
(2)  Use  in  the  same  way  as  the  combination  china  blue-rosolic  acid 
(S  7-778). 

S  7*783'.— (1)  Grind  up  litmus  in  a  mortar.  (2)  Add  5  vol.  90  per 
cent  ale.  (3)  Boil  on  a  water  bath.  (4)  Decant  the  S.N.F.  (5)  Add 
6  parts  D.W.  to  the  residue.  (G)  Boil.  (7)  Allow  to  cool.  (8)  Divide 
into  two  portions.  (9)  Render  one  portion'  slightly  red  with  dilute  sul- 
phuric acid.  (10)  Add  to  this  reddened  portion  the  other  untreated 
portion  little  by  little  until  the  mixture  becomes  blue  again.  (11)  Filter 
through  paper  when  cool.  (12)  Distribute  into  T.T.  (13)  Sterihze  at 
HOC.     (14)  Keep' for   use. 

Notes. — 'Sensitive  litmus.- 
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S  7"784. — (1)  Grind  up  50  grm.  granulated  litmus  in  a  mortar. 
(•!)■  Place  in  a  well-stoppered  bottle.  (3)  Add  sutlicient  90  per  cent  ale. 
to  cover.  (4)  Leave  2  d.  and  agitate  occasionally.  (5)  Pour  oflE  the 
ale.  and  aiUl  fresh  until  the  decanted  fluid  is  almost  colourless.  (0) 
Transfer  the  residue  to  a  litre  fljisk.  (7)  Add  1  litre  t).W.  (8)  Steam 
1  hour.  (9)  Allow  to  cool.  (10)  Decant  the  litmus  sol.  from  the  chalk 
which  settles  to  the  bottom  of  the  flask.  (11)  Filter.  (12)  Storilizo 
3d.  at    lOOC". 

S  '785. — (1)  Boil  powdered  litmus  in  90  per  cent  ale.  till  mi  nuue 
red  colour  is  extracted.  (2)  Digest  the  residue  with  cold  D.W.  ('i) 
Pour  off  or  filter  o2  the  fluid.  (1)  Boil  the  residue  remaining  with  .'j 
times  it.s  weight  of  D.W.     (5)  Filter.     (6)  Preserve  the  filtrate. 

S  7'786. — (1)  Prejjare  .sat.  aqueous  sol.  of  litmus.  (2)  Add  in 
quantity  to  the  medium  to  give  a  distinct  blue  colour. 

S  7*787. — (1)  Place  in  a  well -stoppered,  glass  bottle: — solid  com- 
mercial litmus  1  ;  95  per  cent  ale.  G.  (2)  Shake  well  once  daily  for  7  d. 
(3)  Reject  the  ale.  (-4)  Add  fresh  95  per  cent  ale.  (5)  Shake  well  once 
daily,  (ti)  Repeat  the  addition  of  fresh  ale.  until  the  ale.  becomes  only 
lightly  tinged  with  violet  on  shaking  up  with  the  litmus.  (7)  Reject 
the  ale.  (8)  Dry  the  ale.  insoluble  residue.  (9)  Make  a  sat.  sol.  of  the 
dried  residue  in  D.W.  (10)  Filter.  (11)  Dilute  a  portion  of  this  sat. 
sol.  with  D.W.  until  its  tint  is  a  pure  blue.  (12)  Add  to  this  pure  blue 
sol.  very  dilute'  sulphuric  acid  till  the  blue  colour  is  turned  to  wine 
red.  (13)  Add  to  this  wine  red  sol.  the  sat.  sol.  obtained  from  the  ale. 
insoluble  residue,  until  the  blue  colour  returns.  (It)  Use  as  a  seasitivc 
litmus  scd. 

Notes.  —'Two  (IrupK  dilute  sulphuric  acid  to  200  c.c.   water. 

S  7788.— (1)  Grind  up  granulated  litmus.  (2)  Add  85  per  cent 
ale.  (3)  BoiL  (4)  Add  7  parts  water  to  the  ale.  iasoluble  residue. 
(5)  Heat.  (6)  Filter  through  paper.  (7)  Add  to  one  half  of  the  filtrate 
sulphuric  acid  until  the  colour  is  nearly  red.  (8)  Add  the  untreated 
half  to  it.     (9)  Distribute  into  T.T.     (10)  Sterili/c  at   115C. 

S  7'78'. — (1)  Place  solid  commercial  litmus  in  a  flask.  (2)  Pour 
9G  per  cent  ale.  over  it.  (3)  Close  the  flask  with  a  rubber  cork.  (1) 
Keep  in  an  incubator  at  30C  with  shaking  at  intervals  for  2  d.  (5)  Pour 
ofi  the  ale.  and  add  fresh.  (6)  Continue  the  procedure  until  no  more 
red  violet  colour  is  extracted  by  the  ale.  (7)  Filter  ofi  the  ale.  (8) 
Dry    the    residue.     (9)  Dissolve    in     D.W.    to    saturation,'     (10)  Add 
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sufficient    1-1,000  sulphuric   acid  to  produce  the  slightest   change  in 
colour. 

Notes. — 'This  sol.  OQ  being  diluted  with  U.W.  should  give  a  pure  blue  colour. 

S  7-79  INDJCATOR  SOLUTIONS. 

S  7" 791. — (1)  Prepare  : — u.  naphthol  phthaleiu  0-04  ;  UO  per  cent  aic. 
100. 

S  7-792.— (1)  Prepare  :— Methyl  red.0-02  ;  95  per  cent  ale.  100. 

S  7-793.— (1)  Prepare  :—  Acid  fuchsin  Oo  ;  D.VV.  100.  (2)  Add  N-1 
sod.  hydroxide  drop  by  drop,  shaking  thoroughly,  till  the  red  colour 
disappears.     (3)  Use  1  per  cent  of  this  indicator  in  sugar  media. 

Notes. — 'Very  sensitive  to  acid  formation,  stable  and  without  effect  on  bacteria 
growth.  The  adjustment  of  the  reaction  of  medium  to  the  indicator  should  be  such 
that  the  former  is  distinctly  jnnk  when  hot,  but  colourless  when  cold. 

S  7-8  MtDIA. 

S  7-81. — (1)  Place  5  c.c.  medium  in  a  porcelain  evaporating  dish. 
(2)  Add  45  c.c.  D.W.  (3)  Boil  1  mm.  (4)  Add  1  c.c.  phenol  phthalein 
indicator  sol.  (S  7-772j.  (5)  Titrate  immediately  with  iSl-20  sod. 
hydroxide  to  give  a  faint  but  distinct  pink  colour  as  the  end  point. 
(6)  Adjust  the  reaction  of  the  medium  to  this  point.  (7)  Add  acid  or 
alkali  to  obtain  the  desked  reaction,  and  express  it,  with  reference  to  the 
colour  turning  point  of  phenolphthalein  in  percentages  of  the  normal 
acid  or  alkali  added.  (8)  Use  as  a  standard  reaction,  1  jjer  cent  acid  to 
phenol  phthalein  except  in  the  case  of  sugar  media  where  the  reaction 
should  simply  be  brought  to  the  tmning  point  of  phenolphthalein. 

Notes. — 'lu  Eyre's  scale,  instead  of  being  expressed  as  the  amouul  of  normal  acid 
or  alkali  added  per  100  c.c,  it  is  given  as  the  amount  per  1,000  c.c.  The  plus  sign  is 
used  when  normal  acid  is  added,  after  the  adjustment  to  the  colour  turning  point  of 
the  indicator,  and  the  minus  sign  when  normal  alkaU  is  added.  In  actual  practice 
where  the  medium  is  already  acid  the  adjustment  by  2  steps,  first  to  the  turning  point 
of  the  indicator  and  then  to  the  required  acid  point  is  shortened  to  one  step,  by 
which  the  acidity  of  the  medium  is  simply  reduced  to  the  required  acid  point.  Thus, 
if  2-5  c.c.  normal  alkali  per  100  c.c.  medium  are  required  to  bring  the  medium  to  the 
reaction  represented  by  the  colour  changing  point  of  the  indicator  and  the  desired 
reaction  is  +  1,  i.e.,  I  per  cent  acid  to  phenolphthalein,  it  would  be  sufficient  to  add, 
in  one  step  only,  1-5  c.c.  (2-5— 1  =  1-5)  of  normal  alkali  per  100  c.c.  medium  to 
attain  this  result. 

S  7-82  —(1)  Use  as  reagents— jjhenolphthalein  indicator  sol. 
(S  7-772) ;  N-20  sod.  hydroxide  ;  N-1  sod.  hydroxide  ;  N-20  hydro- 
chloric acid.  (2)  Fill  one  50  c.c.  burette,  which  has  been  thoroughly 
cleanspd  and  dried,  with  N-20  .sod.  hydroxide  and  another  with  N-20 
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h\-drochloric  acid.  (3)  Place  4.")  c.c.  D.W.  in  either  a  100  c.c.  porcelain 
evap«irdtiug  basin  or  in  a  KXl  c.c.  conical  llask.  (4)  Add  5  c.c.  of  the 
test  medium.'  (5)  Add  I  c.c.  phenol phtliaiein  indicator  sol.  (6)  Mi.x 
thomughly  with  a  glass  stirring  rod.  (7)  Boil  2  min.  and  carry  out 
the  standardization  at  boiling  temperature.  (8)  Add  N-20  sod.  hydro- 
xide drop  by  drop  while  constantly  stirring.  (9)  Continue  imtil  a  faint, 
permanent,  distinct  pink  colour  is  obtained.  (10)  Heat  the  sample 
again  to  the  boiling  point  for  15  sec.  and  if  the  colour  disappears,  add 
immediately  more  of  the  N-20  sod.  hydroxide  to  give  the  same 
end  reaction.  (11)  Take  this  as  the  linal  reaction.  (12)  Calculate-  the 
reaction  of  the  medium.  (13)  Adjust  the  reaction  of  the  bulk  medium 
by  addition  of  the  necessary  amount  of  N-1  sod.  hydroxide.  (14)  Mix 
thoroughly.  (15)  Steam  the  medium  in  the  steam  sterilizer'  if  it  is  to 
be  .subsequently  sterilized  at  lOOC;  in  the  autoclave  if  it  is  to  be  sterilized 
at  a  higher  temperature.  (16)  Restore  to  original  vol.  (17)  Titrate 
samples  again.  (18)  Adjust  the  reaction  of  the  medium  again.  (19) 
Return  to  the  steam  sterilizer  10  min.  or  boil  for  5  min.  over  a  free  flame. 
(20)  Restore  to  original  vol.  (21)  Filter.  (22)  Carry  the  medium 
through  the  varioas  steps  to  sterilization  in  T.T. 

Notts. — 'lo  the  case  of  a  medium  coutaiiiiiig  gelatin  or  agar,  iioat  the  U.W.  befure 
adding  the  sample.  -The  reaction  of  the  medium  is  calculated  with  rofereaco  lo  the 
turning  point  of  the  phenolphthalcin  indicator  sol.  If  acid  with  respect  to  this  point 
the  plus  sign  is  placed  before  the  Hgure  showing  the  percentage  amount  of  normal 
acid  present  ;  if  alkaline,  the  minus  sign  is  placed  before  the  ligure  showing  the 
percentage  amount  of  normal  alkali  present.  'If  this  precaution  is  not  observed,  the 
final  sterilization  of  the  medium  may  cause  a  heavy  precipitate  of  phosphates. 

S  7*83. — (1)  Make  up  1-5  molecular  di-hydrogen  pot.  phosphate' 
sol.  by  dissolving  2723I  grm.  in  D.W.  and  making  up  to  1  000  c.c.  (2) 
Add  41'2  c.c.  N-5  sod.  hydroxide  to  50  c.c.  1-5  molecular  di-hydrogen 
pot.  phosphate  sol.  and  dilute  with  D.W.  to  make  200  c.c.=No.  1  sol. 
pH-  7-5.  (3)  Add  428  c.c.  N-5  sod.  hydroxide  to  .50  c.c.  1-5  molecular 
di-hydrogen  pot.  phosphate  sol.,  and  dilute  with  D.  W.  to  200  c.c.=No.  2 
sol.,  pir  =  7-6.  (4)  Add  44-2  c.c.  N-5  sod.  hydroxide  to  50  c.c.  1-5 
molecular  di-hydrogen  p<jt.  phosphate  sol.,  and  dilute  with  D.W.  to  200 
c.c.^No.  3  sol.,  pH=7-7.  (5)  Use  phenol  sulphone  jjlithalein  indicator 
sol.  (S  7*775).  (6)  Measure  into  tube  No.  1  of  the  colorimeter  appa- 
ratus 5  c.c.  No.  1  sol.  and  05  indicator  sol.  (7)  Measure  into  No.  5 
tube,  5  c.c.  No.  3  sol.  and  05  c.c.  indicator  .-ol.  (8)  Measure  into  No.  4 
tube,  5  c.c.  water.  (9)  Add  10  c.c.  hot  test  agar  medium  to  40  c.c.  cold 
D.W.  and  mix  well=l-5  agar.  (10)  Measure  into  No.  3  tube  10  c.c. 
of  the  1-5  agar  sol.  before  it  has  set  and  1  c.c.  indicator  aol.  (11)  Measure 
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into  No.  2  and  No.  6  tubes  5  c.c.  1-5  agar  sol.  before  it  has  set.  (12)  Add 
to  the  1-5  agar  sol.  in  No.  3  tube  N-20  sod.  hydroxide  from  a  micro- 
burette^  mixing^  well,  until  the  colour  tiat  as  seen  in  the  colorimeter  box* 
approaches  that  of  No.  Itube.  (13)  Note  the  amount  of  N-20  sod.  hyd- 
roxide used.  (14)  Add  half  the  amount  of  N-20  sod.  hydroxide  used  to 
tubes  No.  1  and  No.  5.^  (15)  Continue  the  addition  of  N-20  sod.  hyd- 
roxide to  tube  No.  3  until  the  tint  is  intermediate  between  that  of  Nos. 

1  and  5  tubes,  D.W.  to  equalize  vol.  being  added  to  Nos.  1  and  5  tubes 
as  the  titration  proceeds.  (16)  Melt  the  agar  at  intervals  in  boiling 
water  as  the  titration  proceeds,  but  have  the  containing  tube  well  cooled 
before  the  colour  comparison  is  made.^  (17)  Read  ofi  the  total  amount  of 
N-20  sod.  hydroxide  required  for  10  c.c.  of  the  1-5  test  agar  medium. 
(18)  Add  25  times  this  amount  of  N-1  sod.  hydroxide  to  each  litre  of 
the  melted  agar  and  mix  thoroughly.  (19)  Distribute  in  T.T.  (20) 
Sterilize  15  min.  at  120C  on  3  successive  days. 

Notes. — 'KH„POj.  Acid  pot.  phosphate.  -A  2  c.c.  pipette  graduated  iu  l-oUths. 
^By  closing  with  the  thumb  and  inverting  several  times.  ^This  is  a  special  box  to  hold 
6  tubes  and  called  a  comparator.  By  means  of  it  the  tints  of  test  medium  and 
standard  tints  are  easily  compared.  The  six  tubes  are  disposed  in  two  rows  of  3,  No.  2 
tube  being  directly  behind  No.  1  tube,  No.  4  tube  behind  No.  3  tube  and  No.  6  tube 
behind  No.  5  tube.  ^To  keep  the  indicator  at  the  same  concentration  as  iu  other 
tubes.     *The  tint  is  much  affected  by  temperature. 

S  7'84. — (1)  Have  in  readiness  : — A  set  of  tubes  containing  solu- 
tions of  known  pH  with  definite  concentration  of  jjlienol  sulphone  phtha- 
lein  indicator  sol.    (S  7'761)  a  colour  comparator  rack'  for  6  tubes  in 

2  rows  of  3,  a  microburette  -,  a  pipette  to  deliver  0'5  c.c,  an  ordinary 
5  c.c  graduated  pipette,  clean  'cordite'  tubes  (S  7*7611),  phenol 
sulphone  phthalein  Ludicator  sol.  of  O'Ol  per  cent  made  by  dilutiug 
0-02  per  cent  sol.  (S  7-775)  with  an  equal  vol.  of  D.W.,  and  N-20  sod. 
hydroxide  sol.  made  by  takiug  500  c.c.  N-10  sod.  hydroxide  plus  91  c.c. 
O'Ol  per  cent  phenol  sulphone  phthalein  indicator  sol.  and  making  the 
mixture  up  to  1,000  c.c.  with  D.W.  (2)  Add  so  much  alkali  in  the 
form  of  N-1  sod.  hydroxide  or  N-1  sod.  carbonate  to  the  test  medium 
before  adjustment  of  the  reaction  that  a  drop  of  the  medium 
so  treated  on  a  piece  of  coralline  paper*  gives  a  faint  rose  tint. 
(3)  Measure  out  5  c.c.  of  the  medium  into  one  of  the  '  cordite  '  tubes. 
(S  7*7611)  and  add  0-5  c.c.  of  the  0-01  per  cent  phenol  sulphone 
phthalein  indicator  sol.  (4)  Place  this  tube  in  slot  No.  3  in  the 
comparator  rack.  (5)  Place  in  No.  2  and  No.  6  slots  the  standard 
tubes    giving  those    pH  colour   reactions    between  which  it  is  desired 
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to  adjust  the  reaction  of  the  medium.  (6)  Place  in  No.  -1  slot  a  tube 
of  D.W.  (7)  Place  in  No.  1  and  No.  5  slots  tubes  contaiuing  medium 
without  the  addition  of  any  indicator  sol.  (8)  Add  slowly  N-20 
sod.  hydroxide  from  the  microburette  to  the  tube  of  medium  in  No. 
3  slot  mixing  well  after  each  aildition''  until  the  tint  is  intermediate 
between  thoae  of  the  two  standard  tubes  in  No.  2  and  No.  G  slots. 
(9)  Calculate'  from  the  amount  of  N-liO  sod.  hydro.vide  added  the 
amount  of  N-1  sod.  hydro.vide  necessary  to  bring  the  bulk  of  the 
medium  to  this  hyrogen  ion  concentration. 

NotM. — 'Tliis  is  a  special  bux  called  a  cumparatur  with  sluts  fur  <i  tubes,  upeii  un 
froDt  aud  back  faces  to  alluw  of  trausuiissiuii  ut  ligbt.  By  mcan:<  uf  it  the  tints  uf  test 
medium  and  standard  tiuts  are  easily  compared.  The  (i  tubes  are  disposed  in  two  rows 
of  'i,  Xo.  2  tube  being  directly  behind  No.  1  tube.  No.  4  tube  behind  No.  3  tube,  and 
No.  0  tube  behind  No.  o  tube.  'A  1  or  2  c.c.  bacteriological  pi|)ctte  having  a  line  glass 
lip  attached  to  it  by  rubber  tubing  aud  having  delivery  controlled  with  a  piuch  cock. 
•HJoralline  or  rosolic  acid  paper  is  prepared  by  dipping  thin  tilter  paper  or  glazed  paper 
into  Uo  per  cent  sol.  of  the  indicator  in  50  per  cent  ale.  The  strips  are  then  dried  iii 
the  air  and  kept  in  a  stoppered  bottle.  In  using  this  paper  the  earliest  change  of  colour 
can  be  detected  by  allowing  the  wet  paper  to  come  in  conlac*  with  a  piece  of  dry  white 
(ilter  paper  which  clearly  shows  the  laintest  pink  colour,  'riiis  is  necessary  because 
the  medium  itself  may  have  a  tinge  of  colour.  Uy  placing  a  tube  of  medium  behind 
the  standard  tubes  this  tin^e  of  colour  is  superadded  to  the  tint  of  the  staudara  tubes 
and  so  comparability  is  attained  throughout  the  system,  -"ior  strict  accuracy  the  same 
amount  of  N-2U  sod.  hydroxide  should  be  added  at  the  same  rate  to  the  tubes  in 
slots  No.  5  and  No.  (>  so  as  to  compensate  for  any  colour  change  of  the  natural  pigment 
of  the  medium.  'For  example  : — a  broth  is  required  of  i)H  =  7-4.  In  order  to  bring 
the  tint  of  a  tube  containing  o  c.c.  of  the  medium  to  a  tint  which  will  matcli  the 
standard  /--i  tube,  say,  0-32  c.c.  N-20  sod.  hydroxide  are  used.  Then  the  aiiiouni  of 
N-l  sod.  hydroxide  required  to  be  added  to  2,000  c.c.  of  medium  will  be  2,000 ;<  1-20 
X  0-32  X  1-5-04  c.c.  It  will  be  noted  that  no  allowance  is  made  for  the  dilution 
of  the  bouillon  by  the  04  c.c.  added.  If  the  aiiioutit  is  not  large,  this  error  may  be 
neglected  for  practical  purpo-e.i. 

S  7*85. — (1)  Add  to  a  small  portion  of  the  mediimi  a  few  drops  of 
brom  thymol  blue  indicator  sol.  (S  7'776).  (2)  Note  the  colour 
produced.'  (3)  Measure  out  10  c.c.  of  the  medium.  (4)  Place  in  a 
porcelain  evaporating  diah  and  dilute  well  with  water.  (5)  Add  1  c.c. 
brom  thymol  blue  indicator  sol.  (G)  Place  the  porcelain  evaporating 
diah  under  a  burette  containing  N-10  sod.  hydro.vide.  (7)  Take  the 
reading  on  the  burette,  (b)  Allow  the  sol.  to  fall  drop  by  drop  into 
the  porcelain  evaporating  dish,  stirring  between  drops.  (9)  Continue 
the  addition  until  the  medium  in  the  porcelain  evaporating  dish 
is  a  diitinct  grass  green.'  (10)  Take  the  reading  in  the  burette. 
(11)  Determine   the    dillercnce   between  the  first  and  second  reading. 
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(12)  Calculate  the  amount  of  N-10  sod.  hydroxide  necessary  to  neutralize 
the  medium  exactly.  (13)  Adjust  the  reaction  of  the  medium  to  this 
neutral  point  as  given  by  brom  thymol  blue  with  N-1  sod.  hydroxide.- 

NoteS. — 'If  too  alkaline,  the  medium  turns  this  indicator  blue,  if  too  acid,  it 
becomes  yellow,  while,  if  of  the  correct  acidity,  it  becomes  grass  green=pH  6'6 — 7*4. 
^The  standardizing  alkali  need  not  be  an  e.xact  normal  solution  or  fraction  of  normal. 
All  that  is  necessary  is  that  the  sol.  which  is  used  to  adjust  the  reaction  of  the  bulk 
of  the  medium  shall  be  an  exact  multiple  of  the  sol.  used  for  titration. 

S  7'86. — (1)  Set  up  2  series  of  6  T.T.  of  approximately  the  same 
internal  diameter,'  one  series  containing  10  c.c.  in  each  T.T.  of  dilute 
acid-  sol.  and  the  other  series  10  c.c.  of  dilute  alkahne'  sol.  (2)  Add 
to  the  acid  series  of  T.T.  in  order— 0-9,  0-8,  0-7,  0-6,  0-5  and  0-4  c.c 
phenol  red  indicator  sol.  (S  7'775).  (3)  Add  to  the  alkali  series  of  T.T. 
in  order:  0"1,  02,  03,  0'4,  05  and  06  c.c.  phenol  red  indicator  sol. 
(S  7*775).  (*!)  View  together  the  acid  T.T.  having  the  larger  quantity 
of  indicator  sol.  with  the  alkali  T.T.  ha\Tng  the  smaller  quantity  of 
indicator  sol.  and  vice  versa  throughout  the  series  pair  and  pair,  to  obtain 
colours  corresponding 'to  pH  values  6-9,  7-2,  7-5,  7-7,  7-9  and  8-1  respec- 
tively. (5)  Add  1  c.c.  test  medium  to  4  c.c.  D.W.  in  a  T.T.  of  the  same 
internal  diameter  as  the  pH  series.  (6)  Add  to  this  dilution  of  test 
medium  1  c.c.  phenol  red  indicator  sol.  (7)  Compare  at  this  stage,  if 
desired  the  colour  of  the  test  medium  with  the  standard  pH  series  to 
obtain  the  initial  reaction.  (8)  Add  N-20  sod.  hydroxide  sol.  to  the 
test  mediiun  dilution  to  give  the  required  H-ion  concentration,  as  given 
by  comparison  of  the  tint  of  the  test  medium  with  the  tint  aii'orded  by 
conjimction  of  corresponding^  acid  and  alkali  T.T.  (9)  Read  cfi  the 
amount  of  N-20  sod.  hydroxide  used.  (10)  Adjust  the  reaction  of 
the  bulk  of  the  medium  to  this  point. 

Notes. — 'Measure  an  equal  vol.  of  water  into  a  number  of  T.T.  and  select  those 
in  which  the  water  stands  at  about  the  same  level.  ^One  drop  of  concentrated 
hydrochloric  or  tulphuric  acid  per  100  c.c.  D.W.  is  sufficiently  strong.  ^The  N-20  sod. 
hydroxide  may  be  used  or  any  sol.  sufficiently  alkaline  to  bring  out  the  maximum 
red  colour  of  the  indicator.  ^Each  pair  of  corresi  ending  T.T.  thus  c  ntains  1  c.c. 
of  indicator  sol.  between  them.  The  corresponding  pair  contains  the  larger  amount 
of  indicator  sol.  in  the  acid  T.T.  or  the  alkaline  T.T.  according  as  the  pair  of  T.T.  is 
to  represent  the  acid  or  the  alkaline  end  of  the  range  of  the  indicator.  ^Fifty 
times  the  amount  of  N-20  sod.  hydroxide  should  be  added  to  1  litre  of  medium. 
It  is  not  obligatory  that  the  titrating  sol.  should  be  exactly  N-20  strength.  If  in 
carrying  out  the  titration  sufficient  N-20  sod.  hydroxide  sol.  is  added  to  appreciably 
dilute  the  indicator  sol.,  then  the  other  tubes  should  be  filled  to  a  similar  vol. 
before  the  final  comparison  is  made.  Comparison  for  the  colour  of  fluids  already 
havinc  their  own  proper  colour  can  be  accomplished  by  placing  a  third  row  of  tubes 
behind  the  pairs  of  acid  and  alkali  tubes,  containing'  5  c.c.  of  the  fluid  itself. 
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S  7*87. — (1)  -Measure  10  c.c.  test  medium  into  a  porcelain  evapo- 
ratmg  dish.  \;1)  Add  25  c.c.  pure  D.W.'  (3)  Have  a  control  dish 
alongside  prepared  in  exactly  the  same  manner.  (4)  Add  5  drops  thymol 
phthalein-  indicator  sol.  (S  7-777)  to  the  tirst  dish.  (5)  Run  in  N-10 
soil,  hydroxide  from  a  burette,  stirring  continuously  and  looking  for  a 
darkening^  of  the  colour  as  compared  with  that  of  the  control  dish. 
(0)  Note  the  quantity  of  N-10  sod.  hydroxide  required  to  produce 
this  change.  (7)  Take  the  average  of  several  deteruiinationij. 
[A)  .Make  a  calculation  of  the  amount  of  N-1  sod.  hydroxide  necessary 
to  produce  the  same  reaction  in  the  rest  of  the  test  medium.  (9)  Add 
this  amount  to  it  and  mix.  (10)  Bring  this  alkaline  medium  to  the 
boil  to  deposit  phosphates.  (11)  Filter  free  of  phosphates.  (12)  Adjust 
the  reaction  by  the  necessary  addition  of  the  requisite*  amount  of  N-1 
hydrochloric  acid  to  give  a  hydrogen  ion  concentration*  of  pH^7'6. 
(13)  Control  the  reaction  with  cresol  red  and  phenolphthalein 
^S  7*772)  indicator  solutions."     (14)  Sterilize  20  min.  at  115(J. 

NotM. — 'TUe  addition  uf  water  Aoas  uut  a,ipreciably  alter  the  hydrogen  ion 
ooncentratiun.  -For  titration  Ibyiuol  phthalein  is  a  most  ^iuitable  indicator.  This 
indicator  changes  colour  at  a  point  on  the  alKaliuo  side  of  neutrality  which  ensures 
that  sufficient  phosphates  will  be  thrown  down  to  prevent  their  precipitation  in  the 
prepared  luedium.  The  objection  has  been  raised  that  phenolphthalein  and 
thymol  phthalein  indicators  ciiau^e  colour  at  a  point  on  the  alkaline  side  of  neutrality. 
But  in  bacteriological  work  this  is  really  no  objection,  as  it  is  necessary  during  the 
process  of  preparatio.i  to  bring  the  meat  extract  lO  an  alkaline  reaction  in  order  to  get 
rid  of  phosphates.  If  one  does  not  do  so  the  broth  will  not  be  clear  and  the  phos- 
phates will  be  coustaatly  precipitating  out.  ''Just  before  this  point  a  precipitate 
of  phosphates  occurs.  The  [Kiint  may  be  more  aptly  described  as  the  disappear- 
ance of  the  yellow  tint  and  the  development  of  bluish.  Look  for  a  darking  of  the 
colour  as  compared  with  that  of  the  control  dish.  'This  amount  has  to  be  worked 
out  for  each  particular  type  of  medium  by  actual  trial.  ^It  has  been  found  experi- 
mentally that  the  concentration  of  hydrogen  ions  in  the  purest  water  is,  in  terms  of 
the  '  normal '  solution  as  standard,  1  x  10— '.  Hence  the  hydrogen  cxpontnt  of  water 
is  7.  This  represents  true  neutrality  because  in  pure  water  the  hydrogen  and 
hydroyl  ions  are  equally  balanced.  The  reaction  of  blood  serum  is  in  the  region  of 
pH  =  "'6.  'To  check  the  reaction  in  bulk  it  is  not  necessary  to  titrate  out  the 
broth  again  but  only  to  show  that  it  lies  between  2  points.  This  can  be  done  most 
conveniently  by  a  suitable  choice  of  indicators.  Dilute  2  samples  of  3  c.c.  of  the 
medium  in  T.T.  with  an  equal  quantity  of  D.  W.  Add  to  the  tirst  tube  2  drops  of  0-5 
per  cent  ale.  phenolphthalein  indicator  sol.  and  to  the  second  2  drops  of  0-02  per 
cent  watery  cresol  red  indicator  sol.  Fifteen  per  cent  ale.  may  be  added  to  the 
latter  sol.  »«  preservative.  If  the  reaction  is  correct,  no  colour  change  should 
occur  in  the  limt  tube  while  a  rose  to  a  pinkish  colour  should  bo  noted  in  the 
second.  Thus  the  reaction  of  the  tested  sample  will  not  be  as  high  as  pll  TItO  the 
point  at  which  phenolphthalein  first  shows  o  trace  of  pink,  but  will  be  over  pll  70, 
cresol   red   dcvuloping  a   rose   pink   (weak   pirinonganat')  at  pII  7-6.     If   this  rose 
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colour  docs  not  appear  but  only  a  brown  shade,  the  medium  is  on  the  acid  side, 
while  if  a  pink  is  obtained  with  phenolphthalein.  the  medium  is  too  alkaline.  The 
error  in  either  direction  can  be  adjusted  by  the  addition  of  a  few  drops  of  N-1 
sod.  hydroxide  or  hydrochloric  acid  to  the  medium  in  bulk  and  the  reaction  again 
controlled. 

S  7-88.— (1)  Add  a  drop  of  the  medium  to  a  drop  of  u  naphthol 
phthalein  indicator  sol.  on  a  white  tile  till  the  first  transient  fliLsh  of 
bluish  green  occurs.  {2)  Read  oflf  the  amount  of  N-1  sod.  hydroxide 
used  in  bringing  about  this  result.  (3)  Continue  from  this  point 
with  the  addition  of  N-1  sod.  hydroxide,  using  as  indicator  sol.  1  per 
cent  phenolphthalein  in  abs.  ale.  until  the  first  famt  pink  colour 
appears.  (4)  Read  off  the  amount  of  N-1  sod.  hydroxide  used. 
(5)  Take  the  mean  of  the  two  readings  a.s  giving  the  amount  of  normal 
alkali  to  use  in  the  adjustment  of  the  reaction.  , 

Notes. — '004  per  cent  in  00  per  cent  ale. 

S  7'89. — (1)  Adjust  the  reaction  to  give  a  yellowi.'-h  gieen  to 
grass  green  tint  with  brom  thymol  blue,  or  maximum  purple  colour  with 
brom  cresol  purple,  or  a  fawn  orange  tint  with  phenol  red,  or  a  faint 
blue  colour  developing  in  the  course  of  10  to  25  sec.  on  red  litmus  pajjer 
in  order  to  have  a  pH  value  of  about  6'8  to  7'2. 

S  7-9  DISINFECTANTS. 

S  7-91— B.  COLI-PHENOL  TEST.' 

Note. — 'Various  organisms  have  been  used,  r.g.,  anthrax  spores  and  B.  tyjihosus. 
Other  tests  than  those  here  described  are  likewise  us^d,  e.g.,  thread  test,  garnet 
test,  phagocytic  test,  iodine  test,  etc. 

S  7-911  STANDARD  SUSPENSION  —(1)  Use  a  standard  peptone' 
bouillon'  of  reaction  15  per  cent  acid  to  phenolphthalein.'  (2)  Sow 
with  B.  coli.     (3)  Incubate  24  hours.     (4)  Shake  well  to  break  up  clumps. 

(5)  Filter  with  sterile  precautions  through  a  double  layer  of  filter  paper. 

(6)  Use  the  filtrate  as  the  standard  suspension  for  tests. 

Notes. — 'E.g.,  Witte's  peptone  or  a  brand  giving  equivalent  results.  ^Composition 
and  preparation  (i)  Prepare: — Lemco  20;  standard  peptone  20  ;  sod.  chloride  10  ; 
D.W  1000.  (I'O  Boil  30  min.  {//))  Neutralize  to  phenolphthalein  with  N-1  sod 
hydroxide  and  make  1'5  per  cent  acid  with  N-1  hydrochloric  acid,  (iv)  Filter  and 
bring  up  to  vol.  1000  c.c.  {v)  Sterilize.  'The  reaction  should  be  given  in  terms  of 
hydrogen  ion  concentration.  This  concentration  may  be  set  down  at  pH  =  7-6 
provisionally. 

S  7-912  STANDARD  PHENOL.— (1)  Use  dry  crystals  of  absolute 
phenol.  (2)  Make  up  by  weight  the  dilutions  of  phenol  which  are  used 
in  the  test  fresh  as  required. 
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S  7-913  STANDARD  CULTURE  MEDIUM.Hl)  Use  10  c.c.  in 
.aoh  T.T.  of  staiulard  iiu'iUuiii'  fi)r  I  est  iii-^  t  lie  viability  of  the  standard 
organism  after  its  subjection  to  the  action  of  disinfectant. 

Mot*!.— 'Soil,  taiirocholnte  .")  :  Rlucoae  5;  peptone  211;  D  \V.  l.lKKt.tinteil  with 
pure  litmus  sol. 

S  7-914  TRIAL  OF  INHIBITION  EFFECT.'— (1)  Set  up  in  a 
rack  6  T.T.  each  contaiuiuj^  10  c.c.  .-tiiiidard  culture  medium.  (2)  Sou- 
each  T.T.  with  B.  coli.  (3)  Add  immediately  to  each  T.T.  in  turn  0- 1  c.c. 
from  a  series  of  dilutions  of  the  disinfectant.  (4)  Incubate.  (5) 
Examine  the  6  T.T.  at  intervals  of  24  hours  up  to  7  d.  (6)  Note 
the  tubes  in  which  <^rowth  has  taken  place.  (7)  Determine  the 
highest  dilution  of  disinfectant  which  under  the  conditions  inhibit- 
growth. 

Nattt. — 'This  prcliniiiinry  to  thetest  is  often  omitted.  It  is  designed  to  determine 
the  upper  limiting  (|uantity  of  test  and  standard  disinfectants  which,  when  added  to  a 
given  vol.  of  nutrient  lUiid  medium,  will  no  longer  suffice  to  inhibit  the  growth  of  the 
standard  organism.  -It  may  he  taken  for  granted  that,  as  the  tost  is  arranged,  the 
effect  of  the  highest  dilution  of  (lisinfi'dant  giving  no  growth  is  »n  iiihihitory  eflec 
mnd  not  bactericidal. 

S  7-915  TRIAL  OF  STRENGTH.'— (1)  Set  »P  «i  ^pHcs  of  T.T 
numbered  1,  2,  3  and  ''•  <>n.  (2)  Add  5  c.c.  of  each  of  a  series  of  dilutions'' 
in  boiled  D.W.  of  the  test'  disinfectant.  (3)  Set  up  in  racks  T.T. 
containing  10  c.c.  standard  culture  medium,  and  in  sufficient  number  "•  for 
the  test  of  viabilitv  of  the  standard  organism  after  subjection  to  the 
action  of  the  disinfectant.  (4)  Have  in  readiness  a  watch**  or  better  a 
.stop  watch  to  indicate  time  intervals  between  the  tests  of  2J,  5,  7J,  10, 
12  J,  15,  "20,  2-5  and  30  min.  (5)  Add,  with  sterile  precautions,  01  c.c. 
B.  coli  standard  saspension  in  turn  to  each  of  the  T.T.  containing 
disinfectant  dilution,  shaking  each  tube  and  allowing  15  sec."  between  each 
separate  operation  of  addition.  (6)  Remove  with  sterile  precautions 
and  in  turn,  a  quantity  <jf  disinfectant  suspension  from  each  T.T.  after 
the  expiry  of  2i  min.  from  the  commencement  of  the  experiment.  (7) 
Add  at  once  0- 1  c.c.  of  the  quantity  removed  to  each  of  the  corresponding 
T.T.  containing  standard  culture  medium.  (S)  Reject  any  surplus 
quantity  removed.  (9)  Proceed  in  exactly  the  same  fa.shion  with  the 
disinfectant — suspension  mi.xtures  at  the  intervals  5,  7J,  10,  12J,  15,  20, 
25  and  30  min.  from  the  commencement  of  the  experiment.  (10)  Place) 
all  the  inoculated  standard  culture  medium  T.T.  in  the  incubator.  (11) 
Examine  for  growth  at  intervals  of  24  hours  for  7d.     (12)   Determine 
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from  tlip  result  what  should  he  the  most  satisfactory  series  of  dihitions''  to 
use  in  the  actual  test. 

Notes. — 'To  determine  the  range  of  dilution  of  disinfectant  which  will  give 
clear  cut  results  of  growth  and  no  growth  in  the  test.  The  range  of  dilutions  of 
disinfectant  required  ia  one  which  includes  a  dilution  strong  enough  to  kill  B.  coli 
in  2J  min.  and  a  dilution  not  strong  enough  to  kill  in  30  min.  This  trial  may  be 
replaced  by  the  test  itself.  -The  greatest  concentration  will  be  contained  in  No.  1 
T.T.,  the  next  in  No.  2,  and  so  on.  A  convenient  series  for  trial  is  1-100,  200,  300, 
400,  500.  'The  series  for  the  standard  phenol  is  determined  in  the  same  way  and 
will  not  require  repetition  once  it  is  determined.  ■'These  T.T.  should  be  inscribed 
with  the  same  number  as  the  T.T.  containing  disinfectant  to  which  they  correspond. 
The  time  of  contact  of  disinfectant  and  suspension  should  also  be  inscribed  upon 
each.  ''An  ordinary  watch  will  serve  the  purpose  if  the  experiment  be  started 
exactly  at  a  2V  or  5  min.  graduation.  *15  sec.  should  suffice  for  the  completion  of  each 
separate  operation.  "Thus  for  example  : — If  the  test  disinfectant  has  killed 
throughout  for  all  intervals  from  2J  min.  up  to  30  min.  at  a  dilution  of  1-200, 
and  shows  its  bactericidal  effect  only  after  an  interval  of  10  min.  for  the  1-300 
dilution,  the  conclusion  would  be  that  a  range  of  dilution  of  test  disinfectant  from 
1-300  to  1-200  would  afford  the  necessary  clear  cut  results  in  the  actual  test.  Such 
dilutions  would  be  given,  say,  by  the  series  1-200,  22.5,  250,  275,  .300. 

S  7-9^6  THE  TEST.i— (1)  Set  up  5  T.T.  in  series.  (2)  Add  5c.c. 
of  each  of  a  series  of  5  dilutions  of  the  test  disinfectant  in  boiled 
D.W.  which  the  trial  has  shown  to  afford  a  satisfactory  range.  (3)  Set 
up  in  racks  T.T.  containing  10  c.c.  standard  culture  medium,  and  in 
sufficient  number  for  the  test  of  viability  of  the  standard  organism  after 
subjection  to  the  action  of  disinfectant.  (4)  Proceed  further  exactly 
as  in  the  trial  of  strength  for  the  determination  of  a  suitable  range  of 
disinfectant  (S  7*915) .  (5)  Proceed  exactly  with  the  necessary  standard 
phenol  dilutions'  as  -vnth  those  of  the  test  disinfectant.  (6)  Calculate  the 
phenol  coefficient'  from  the  result  obtained. 

Notes. — 'The  test  is  performed  at  a  temperature  between  62  and  67  F.  ^The  dilu- 
tions   of    standard     phenol    may     conveniently  be    -7,    -73,    9,  1  and  I'l  per    cent. 

'Divide  the  figures  representing  the  percentage  strength  of  the  weakest  lethal 
dilution  of  the  phenol  control  by  the  figure  representing  the  percentage  strength  of 

the  weakest  lethal  dilution  of  the  test  disinfectant  for  both  the  2J  and  the    30    min. 

periods.     The  mean  of  the  2  results  is  the  phenol  co.  efficient  of  the  test  disinfectant. 

S  7-92  B.  TYPHOSUS  PHENOL  TEST  WITHOUT  ADDITION 
OF  ORGANIC  MATTER.' 

Notes. — 'As  the  standard  suspension  which  is  used  in  this  test  is  a  suspension 
in  bouillon  and  contains  therefore  extract  of  meat  and  peptone,  the  description  of  the 
test  as  '  without  addition  of  organic  matter  '  is  not  strictly  accurate.  A  standardized 
su3p3n5io!i  (S7-32)  of  orgiaisms  mids  from  au  agar  slope  in' 0-85  S.S.S.  is  free  from 
this  objection,  but  is  not  usually  employedjin  the  test.  ^ 
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S  7-921  STANDARD  SUSPENSION.— (1)  Preparo  a  standan)  siia- 
pen:>ioa  for  the  tt-^-t  by  siibculturiiig  15.  typhosus'  daily  with  a  t  mm. 
platinum  loop  for  7  successive,  days  in  standard  culture  medium.'  (2) 
Have  in  readiness  for  the  test  a  24-hour  culture  thiLs  prejiared.-'  {'.\)  .Shake 
well.  (4)  Filter  with  sterile  precautioas  throu<;h  filter  jwijK'r  and  ut^e 
the  filtrate  as  .standard  su.^pension.  {~t)  Place  the  standard  suspen- 
sion when  prepared  in  a  water  bath  at  20C. 

NotM — 'Strains  of  B.  typhosus  are  ronsidorod  to  vary  Iprs  in  resistance  than 
those  of  B.  coli.  '4  mm.  internal  diameter,  wire  of  B.W.O.  27'28.  An  instrument 
is  sold  consisting  of  a  set  of  metal  rods  for  making;  loops  of  standard  diameter. 
•Preparation: — (i)  Place  500  grm.  finely  chopped  beef  steak  in  1,000  c.c.  T.W.  (ii) 
Allow  to  stand  24  hr.  ina'cool  place.  (I'li) Strain  throuph  cheeso  cloth  by  means  of  a 
tincture  press  until  1.000  c.c.  fluid  are  expressed,  (if)  Heat  1  hour  in  streaming 
steam,  (r)  Filter  through  paper,  (ri)  Make  up  to  vol.  to  1,000  c.c.  (pi'i)  Titrate, 
(rii'i)  Adjust  reaction  to  approximat  ■  neutrality  to  phenolphthalein  with  N-1  sod. 
hydroxide.  (i>)  Add  1  percent  standard  peptone  and  0-5  )ier  cent  sod.  chloride, 
(r)  Heat  in  streaming  steam  30  min.  (a-i)  Adjust  reaction  to  pH  7-fi.  (xii) 
Filter  through  paper,  (xi'ii)  Fill  into  T.T.  in  quantities  of  10  c.c.  (a:ii')  Sterilize 
15  min.  at  15  lb.   pressure. 

S  7-921.  STANDARD  PHENOL.— (1)  Prepare  a  stock  standard 
phenol  solution  with  boilid  D.W.  to  contain  exactly  !S  per  cent,  pure' 
phenol  by  weight.  (2)  Make  up  the  higher  dilutit.as  fresh  each  day  for 
the  test.     (:^)  .Shake  up  well  the  .stock  sol.  before  making  dilution. 

Notts. — '.Merck's  silver  label  or  phenol  of  ei|iiivftlent  purity. 

S  7-922  THE  TEST.— (1)  Prepare  a  5  per  cent  dilution»  of  the 
test  disinfectant  with  boiled  D  W.  (2)  Make  dilutions  from  thLs  5  per 
cent  dilution  up  to  l-.500or  higher-.  (.3)  Place  the  dilutions  of  .standard 
phenol  and  of  test  disinfectant  in  T.T.  in  quantities  of  5  c.c.-'  and 
in  serial  order.  (4)  Set  the  T.T.  in  racks  in  a  water  bath  at  20C.  (5) 
Add  01  c.c.  standard  suspension  every  1-5  sec*  to  each  dilution  with  a 
pipette  graduated  in  1-lOth  c.c.  (6)  Sow  T.T.,  each  containing  10  c.c. 
standard  culture  medium,  with  a  4  mm.  platinum  loopi*  from  the  series 
of  disinfectant  .susfieasion  mixture,  at  intervals  of  2i,  5,  7^,  10,  12J  and 
15  min.  (7)  Incubate  48  hr.  (8)  Read  off  the  results  and  tabulate  them  for 
comparison.  (9)  Calculate'  the  phenol  co-efficient.  (10)  Calculate 
the  cost  of  co-efficient  {jer  unit  of  disinfecting  efficiency  as  compared 
with  pure  phenol=l. 

NatM. — 'This  dilution  should  be  made  24  hours  before  its  use  in  the  test  to  allow 
ol  satisfactory  »<jI.  When  the  teat  disinfectant  docs  not  give  a  satisfactory  5  per 
ci-nt  dilution,  use  a  1  |<er  cent,  »lf  greater  dilutions  of  the  test  disinfectant  5  per  cent 
stock  sol.  than  1-500  arc  required,  make  them  from  a  1  per  cent  stock  sol,     '(i)  t'se  * 
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5  c.c.  delivery  pipette,  (ii)  Start  with  the  strongest  concentration  of  disinfectant  and 
proceed  to  the  weakest.  (Hi)  Use  the  same  pipette  throughout,  but  wash  it  out  wth 
a  portion  of  each  weaker  concentration  before  transferring  the  necessary  quantum 
of  that  concentration  to  its' T.T.  ''This  is  ample  time.  The  number  of  disinfectant 
dilutions  used  must  not  be  so  great  as  to  occupy  in  this  operation  the  total  2J  min. 
required  to  complete  one  test.  ''At  least  4  separate  loops,  and  better  6,  should  be 
U8ed.  Not  more  than  1.5  se  should  be  taken  in  the  operation  of  transference  of  loop 
sample  to  standard  medium.  'Divide  the  figure  representing  the  degree  of  dilution 
of  the  weakest  lethal  strength  of  the  disinfectant  by  the  figure  representing  the  degree 
of  dilution  of  the  weakest  lethal  strength  of  the  standard  phenol  for  both  the  2i  and 
the  15  rain,  periods.  The  mean  of  the  2  results  is  the  phenol  co-efficient  of  the  test 
disinfectant.  '(Cost  of  test  disinfectant  per  gallon-Hcost  of  carbolic  acid  per 
gallon)-f- phenol  co-efficient  of  test  disinfectant.  This  follows  from  the  fact  that  the 
phenol  co-efficient  of  a  disinfectant  gives  the  strength  of  the  disinfectant  in  terms 
of  phenol  and  therefore  the  dilution   in  which  it  should  be  efficient. 

S  7-93  B.  TYPHOSUS— PHENOL  TEST  WITH  ADDITION  OF 
ORGANIC  MATTER. — (1)  Place  appropriate  dilutions'  of  .standard 
])lien()l  and  of  test  disinfectant  in  T.T.  in  quantities  of  4  c.c.  and  in  serial 
order.  (2)  Set  the  T.T.  in  racks  in  a  water  bath  at  20C.  (3)  Measure 
out  15  c.c."  sterile  stock  organic  matter  into  a  large  T.T.  or  flask  and 
place  in  the  water  bath  at  20C.  (4)  Add  1-5  c.c.  standard  suspension 
at  20C  to  the  15  c.c.  stock  organic  matter  and  mix  thoroughly.  (5)  Add 
ri  c.c.  standard  suspension  organic  matter  mixture*  every  15  sec.  to 
each  dilution  of  disinfectant  and  shake  to  mix.  (6)  Proceed  as  before 
to  test  the  vdability  of  the  standard  organism  at  intervals  of  2\,  5,  1\, 
10,  12i,  and  15  nwn. 

Notes  — ^As  1  c.c.  of  organic  matter  is  to  be  added  to  the  4  c.c.  of  dilution,  the 
dilution  will  be  increased  l-4th  by  this  addition,  e.g.,  if  the  dilution  is  1-200,  it 
becomes  1-250.  -Simply  an  amount  to  provide  sufficient  organic  matter  for  the  tests. 
'Standard  peptone  10  ;  gold  label  French  gelatin  5  ;  D.  W.  100.  Requires 
shaking  up  to  mix,  before  use.  ^Represents  1.  c.c.  organic  matter  and  O'l  c.c. 
standard  suspension.  The  alteration  of  dilution  due  to  the  addition  of  the  01 
c.c.  standard  suspension  is  negligible, 

S  8  STANDARDIZATION. 
S  81  TRYPSIN.! 

Note. — 'Required  for  control  of  preparation  of  '  frypmedia  '  and  for  evaluation  of 
antitryptic  power  of  serum. 

S  8"11.- — (1)  Dilute  60  c.c.  formalin  with  twice  its  vol.  of  water. 
(2)  Neutralize  ^\-ith  N-10  alkali  from  a  burette  until  the  colour  is  jiLst  red  to 
phenolphthalein  indicator  sol.  (S  7'772).  (3)  Measure  out  100  c.c.  4  per 
cent  casein  sol.'  in  0-4  per  cent  sod.  carbonate  sol.  into  a  small  flask. 
(4)  Raise  the  temperature  of  flask  and  contents  to  40C.     (5)  Add  5  c.c. 
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test  tryiwin  sol.  to  the  flask.  (6)  Mi.x.  (7)  Remove  immediately  a 
sample  of  25  c.c.  from  the  digest  mixture.  (8)  Keep  the  mi.xture  at  40C. 
(9)  Remove  at  intervals  of  30,  60,  90  and  120  rain,  samples  of  25  c.c.  from 
the  digest  mi.xture.  (10)  Add  to  each  sample,  including  the  initial 
sample  as  it  is  removed,  30  c.c.  neutralized  formalin  sol.  (11)  Titrate 
each  sample  as  soon  as  ready  with  N-10  alkali  against  phenol phthalein 
indicator  until  the  sol.  has  a  distinctly  red  colour.  (12)  Note  the 
amount  of  normal  alkali  used  for  each  sample.  (13)  Calculate'  the 
degree  of  digestion. 

NOtM. — 'A  sol.  of  gelatin  may  be  used.  It  should  be  a  fairly  thick  sol.  but 
must  not  set  to  a  jelly  on  cooling.  The  gelatin  sol.,  which  is  acid  in  reaction,  must, 
like  the  formalin  sol.,  be  neutralized  with  N-10  alkali  before  use.  -E.g.,  if  a  standard 
trypsin  gives  a  net  acidity  at  the  end  of  120  min.  equal  to  6  c.c.  N-IO  alkali,  while  a 
test  trypsin  only  gives  one  of  3  c.c,  the  test  trypsin  is  only  half  the  strength  uf  the 
standard  trypsin.  The  acidity  given  by  the  initial  sample  before  digestion  has  started 
must  be  subtracted  from  the  total  acidity  at  the  end  of  120  min.  in  each  case  in 
order  to  obtain  the  net  acidity.  The  number  of  c.c,  of  alkali  used  to  obtain  net 
scidity    is  thus  the  index  of  degree  of  digestion. 

S  8'12. — (1)  Dilute  30  c.c.  milk  with  30  c.c.  water  in  a  small  flask. 
(2)  Raise  the  temperature  of  the  flask  and  contents  to  40C.  (3)  Add 
3  c.c.  test  trypsin  sol.  (4)  Keep  the  mixture  at  400.  (5)  Withdraw 
at  minute  intervals  samples  of  5  c.c.  and  heat  to  boiling  point.  (6)  Note 
the  e.xact  time'  at  which  curdling  shows  in  the  heated  samples. 

NotM. — 'The  activities  of  trypsin  solutions  are  proportional  to  the  time  taken  to 
produce  curdling. 

S  S  13.-— (1)  Prepare  fresh :— Casein   1  ;  N-10  sod.  hydroxide  100. 

(2)  Shake  well.  (3)  Keep  30  min.  at  45C.  (4)  NeutraUze  with  N-10 
hydrochloric  acid.  (5)  Sterilize  in  the  autoclave.  (6)  Set  up  3  sets  of 
8  small  T.T.  in  3  rows  containing  01,  02,  03,  04,  05,  06,  07  and 
0-8  c.c.  1-5,  10,  15  test  trypsin  sol.,'  one  dilution  for  each  row.  (7)  Add 
2  c.c.  casein  sol.  (8)  Bring  up  the  vol.  to  3  c.c.  with  0-85  S.S.S. 
(9)  Keep  45  min.  at  37C.  (10)  Add  to  each  T.T.  4  droiw  ale.  acetic 
acid.'     (II)  Determuie  in  which  T.T.  and  to  what  degree  precipitation 

occurs.  ■ 

NotM.— 'Trypsin  Oo  grm.  ;  N-1  sod.  carbonate  05  c.c.  ;  0-85  S.S.S.  50  c.c.  'Glacial 
ac.lir  acid  1  ;  abs.  ale.  9  ;  I>.W.  9.     -Glacial  acetic  acid  5  ;  abs.  ale.  45  ;  D.VV.  45. 

S  8*14. —(1)  Prepare  :— Test  trypsin  2  ;  1  per  cent  sod.  bicarbonate 
20.     (2)  Add  1  vol.  test  trj-psin  dilution  thus  prejmred  to  4  vol.  milk. 

(3)  Keep  at  45C.  (4)  Take  definite  samples  of  the  digest  mixture  every 
5  min.  and  add  to  strong  nitric  acid.  (5)  Determine  the  point  of  time 
at  which  no  coagulation  shows  with  the  nitric  acid, 
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S  8-15.  (1)  Set  up  mixtures  : — 1  per  cent  suspension  of  test  trypsin 
in  varying  amount  witli  1  c.c,  15  per  cent  gelatin  at  37C  for  30  min. 
all  the  reagents  being  at  37C  before  mixing.  (2)  Cool  at  the  end  of  the 
30  min.  for  30  min.  at  IOC.  (3)  Determine  the  smallest  amount  of  trypsin 
causing  complete  liquefaction  of  gelatin     1  unit  of  trypsin. 

S  8-2  PIPETTES. 

S  8*21.— (1)  Pipette  mercury  out  of  its  containing  bottle  into 
a  clean  watch  glass.  (2)  Transfer  this  mercury  with  a  pipette  to  a 
succession  of  watch  glasses  to  clean  it  thoroughly,  leaving  any  dirty 
scum  residue  behind  with  each  transference.  (3)  Take  up  10  c.mm. 
of  cleaned  mercury  into  a  standardized  pipette.  (4)  Eject  the 
measured  10  c.mm.  into  a  clean  watch  glass.  (5)  Take  up  another 
10  c.mm.'of  cleaned  mercury  in  similar  fashion  and  add  to  the  first 
10  c.mm.  20  c.mm.-  (6)  Have  in  readiness  as  marking  pen  a  hypo- 
dermic needle  and  Indian  ink  in  a  watch  glass.  (7)  Tip  the  measured 
20  c.mm.  into  the  barrel  of  a  capillary  pipette.''*  (8)  Hold  a  watch 
glass  in  the  left  hand  and  keep  the  tip  of  the  pipette  containing  the 
20  c.mm.  of  mercury  in  the  watch  glass.*  (9)  Manipulate  the  column 
of  mercury  down  the  stem  to  the  extreme  end  of  the  pipette,  keeping  the 
pipette  almost  horizontal  during  the  process  and  the  watch  glass  in 
contact  wath  the  tip.  (10)  Place  the  watch  glass  carefully  down  on  a 
sheet  of  white  paper  while  still  holding  the  pipette  in  the  same  relative 
position,  taking  care  that  the  mercury  does  not  run  out  of  the  pipette. 
(11)  Dip  the  hypodermic  needle  held  in  the  left  hand  into  the  Indian  ink 
and  mark  the  upper  limit''  of  the  mercury.  (12)  Tilt  the  mercury  up  the 
pipette  until  the  lower  limit  of  the  colunm  exacth'  coincides  with  the 
upper  margin  of  the  mark  already  made."  (13)  Mark  the  new  upper 
limit  in  the  same  way  as  before.  (14)  Carry  the  calibration  up  the 
capillary  stem  to  give,  say,  5  divisions  of  20  c.mm."  each  and  a  total 
column  of  100  c.mm.  (15)  Tip  out  the  mercury  into  the  watch  glass 
again  or  directly  into  the  barrel  of  the  next  capillary  pipette  to  be 
calibrated. 

Notes. — 'A  certificated  pipette,  fitted  with  teat  or  rubber  tubiug.  If  the 
teat  is  toe  big,  a  small  piece  of  rubber  tubing  may  be  drawn  over  the  top  of  the  pipette 
to  enable  the  teat  to  get  a  hold.  Use  a  hand  lens  to  confirm  by  inspection  of  upper 
and  lower  limits  the  correctness  of  the  amount  taken  up.  '^Any  quantity  desired 
may  be  taken  as  the  unit  for  calibration.  ^Must  be  thoroughly  dry.  ^So  that,  if 
the  mercury  runs  out,  it  will  be  caught  in  the  watch  glass  and  can  be  put  back  again. 
^Begin  contact  with  the  glass  well  below  the  upper  limit  of  the  mercury  and  bring 
the  charged  needle  carefully  up  to  that  limit.     Thus  the  upper  margin  of  the  marl? 
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mi»d<"  on  tho  pliiss  stem  ia  tlio  one  to  wliiili  to  inoasiiro.  If  id  c.mni.  pipettes  are  nil 
that  are  required,  the  neeessary  ealibration  will  have  now  been  aeconiplisheil.  Tip 
the  2l)  c.mm.  of  mereiiry  from  the  ealilirnled  pipette  into  the  barrel  of  another 
capillary  pipette  and  continue  in  the  snn\i-  fasliion  to  calibrate  as  many  pijiettei 
as  are  required.  *Thrx>u>;hout  the.se  manipulations  the  tip  of  the  pipette  remains  for 
safety  sake  still  in  the  watch  glass.  'A  pipette  may  be  usefully  calibrated  simply  in 
equal  vol.  without  these  vol.  being  necessarily  of  delinite  amount.  *Thc  lirst  lUO 
e.nim.  pipette  thus  made  may  be  used  a.s  a  standard  pipette  for  mcasurinL;  out  that 
<|uantity  of  mercury  for  further  calibration  purposes. 

S  8'22.  -(1)  l^^^e  perfectly  clean  dry  mercury.  ('2)  Place  an 
amount  of  mercury  in  the  weiohino  pan  of  a  cheinical  balance,  judged  to 
be  slightly  more  than  l"37  pnn.  (3)  Detach  .«mall  ])articles  of  mercury 
from  thi.s  amount  by  means  of  a  piece  of  .stiff  ])aper  folded,  like  a  .scoop 
imtil  the  weight  reaches  137  jjriii.  exactly.  (4)  Use  thLs  weighed 
ntercury  for  the  calibration  of  \(M)  c.mm.  capillary  pipettes. 

Notes.  -'O'l   c.c.  mercury^l3-7  (the  S.U.  of  mercury)  XO-I  grm.^  1-37  grm. 

S  8"23  DROP  PIPETTE.— (1)  Prepare  the  capillary  pipette' 
at  the  time  of  itse.  (2)  Pas.s  the  capillary  portion  into  a  selected  hole' 
in  a  steel  plate  wire  gauge.  (3)  Cut  ofi  the  capillary  flush  with  the 
upper  surface  of  the  gauge  to  obtain  the  drojipijio  e.>rtremit3'.  (4)  Set  up 
the  pipette  vertically  for  estimation  of  the  drop  number.  {'))  Allow  the 
fluid  under  te.st  to  dro))  from  the  extremity  of  the  pipette  at  uniform 
rate  into  a  measuring  receptacle  accurately  graduated'  at  1  or  2  c.c. 
(6)  Determine  the  relative  drop  volume  ■  of  various  fluids  for  the  gauge 
number  selected. 

NolM.— 'Drops,  from  n  clean  pipette  in  the  vertical  position  at  a  more  or  less 
constant  rate,  depend  for  their  size  solely  upon  the  external  diameter  of  the  pipette 
lit  it-«  extremity.  -The  Imrnl  of  the  pipette  «ill  be  of  different  capacity  a  i  1  length 
according  as  it  is  to  be  used  as  a  hand  dropping  pipette  mi- simply  as  an  attachment 
nozzle  to  a  burette.  'This  hole  gives  the  measure  for  a  given  fluid  of  the  size  of  itH 
drop.  Once  correlated  to  the  size  of  drop,  it  serves  (or  the  matiufacturi-  of  any  number 
■if  standard  drop  pipettes.  'This  receptacle  may  be  conveniently  made  out  of  wide 
glass  tubing.  It  should  have  the  graduation  mark  on  a  narrow  neck,  above  which 
it  is  opened  out  to  form  a  funnel.  'The  following  is  a  list  of  relative  ilrop  volumes  of 
a  number  of  fluids.  The  smaller  the  number  the  larger  the  drop.  Water  I  ;  O'S.'j 
S..S.S.  I  ;  fresh  human  serum  II  ;  inactivated  rabbit  serum  I'tJO;  guinea-pig  scrum 
I'OG  ;  cerebro-sp.nal  lluid  l'U2  ;  peptone  bouillon  1'2  ;  standard  agglutinuble 
typhoid  culture  \"2  :  ale.  Wassermann  antigen  2°.'>. 
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ACETIC  ACID.— TEST  TRYPSIN  S813. 

ACID.— NORMAL  S7-72. 

ACIDITY.— TEST  TRYPSIN  S8-11. 

AGGLUTINABILITY.- STANDARDIZATION  S7-39. 

ALBUMIN.— URINE  S71607. 

S.  ALBUS.— WEIGHT  AND  NUMBER  S7-1203— WEIGHT  AND  TURBIDITY 
S7-1203. 

ALKALI.— NORMAL  S7-71. 

AMINO  ACID.— TITRATION  S811. 

ANDRADE.— INDICATOR  S7-793. 

ANIMAL.— TEST  STANDARDIZATION  S7-38. 

ANTIGEN.— AGGLUTINABILITY  STANDARDIZATION  S7-39— AREA  STAND- 
ARDIZATION S7-36— COLONY  COUNT  S7-34— DRIED  S7-311— 
FILM  STANDARDIZATION  S7-35— EORMALINIZED  S7-391— 
HiEMOCYTOMETER  COUNT  S7-33— LOOP  STANDARDIZATION 
S7-37— M.L.D.  STANDARDIZATION  S7-38— POLLEN  S7-5— 
STANDARDIZATION  S7-3— TOXIN  S7-4— TURBIDITY  S7-1, 
S7-32— WEIGHT  S7-31. 

ANTIGEN       SUSPENSION.— STANDARD    S7-911,     S7-92I— STANDARDIZATION 
S7-1203,  S7-U,  S7-15,  S7-16. 

ANTISEPTIC— STANDARDIZATION  v.  DISINFECTANT. 

S.  AUREUS.— WEIGHT   AND  NUMBER  S7-1203— WEIGHT  AND  TURBIDITY 
S7-1203. 

BACTERIA.— NUMBER   S7-1203— WEIGHT   S7-1203. 

BACTERIAL.— SUSPENSION  v.  ANTIGEN  SUSPENSION. 

BARIUM  SULPHATE.— STANDARD  SUSPENSION  S7-I1,  S7-12. 

BARNETT    AND    CHAPMAN.— TITRATION  METHOD  S7-86. 

BLOOD.— HEMOGLOBIN  ESTIMATION  S7-2205.— TURBIDITY  S7-1607. 

BROM  CRESOL  PURPLE.— INDICATOR  S7-779,  S7-89. 

BROM     THYMOL    BLUE.— INDICATOR    S7-776,    S7-85,    S7-89. 

BROWN   H.  C— OPACITY  TUBES  S7-12. 

CARBOLIC  ACID     v.  PHENOL. 

CASEIN.— TEST  TRYPSIN  S8-13,  S8-I4. 

M.  CATARRHALIS.— WEIGHT  AND  TURBIDITY  S7-I203. 

CAUSTIC  SODA.— VORMAL  S7-713. 

CHINA  BLUE  PHENOL  RED.— INDICATOR  S7-782. 

CHINA   BLUE   ROSOLIC  ACID.— INDICATOR  S7-778. 

V.  CHOLERA.— WEIGHT  AND  NUMBER  S7-1203— WEIGHT  AND  TURBIDITY 
S7-1203. 

COBRA  VENOM.— STANDARDIZATION   S7-43. 
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B.    COLI. -WEIGHT     ANU    NUMUKU    S71203— WKKJH  1'    AND   TimUlDlTV 

S7  121W. 
COLI-PHENOL.-TEST    DISINFECTANTS   S7i)l. 
COLONY.     rulNT   STANDARDIZATION  S7-34. 
COMPARATOR.— BOX   S7-8304,  S7S40I. 
CORALLINE.     TAPER  S7-8403. 
CRESOL     RED. -INDICATOR    S7-781. 
DAHLIA.     STAIN'    S7-3321. 
B.  DIPHTHERIAE.— TOXIN  S7-4I. 

DISINFECTANT— AND  ORCiANIC  MATTER  S7-9201,  S7-93— COLI  PHENOL 
TEST  S7-91— COST  S7-9237— GARNET  TEST  S7-9I01  — 
INHIBITION  EKEECT  S7-914— IODINE  TEST 
S7-9I01— PH.UiOCVTlC  TEST  S7-9101  — PHENOL  CO- 
EFFICIENT S7-91G3,  S7-923G— RIDEAL  WALKER 
TEST  S7-9— STANDARDIZATION  S7-9— THREAD 
TEST  S7-9I01. 
DONALD.— DROP  PIPETTE  S8-23. 

DREYER.— STANDARDIZATION  AGGLUTINABILITY  S7-39— STANDARDIZA- 
TION TURBIDITY  S7I3. 
DROP.-l'lPETTE  S8-23. 

B.  DYSENTERIC.— WEIGHT  AND  NUMBER  S7-1203— WEIGHT  AND  TURBI- 
DITY  S7-1203. 
B.   ENTERITIDIS  (GiCRTNER).— WEIGHT  AND  NUMBER  S71203.— WEIGHT 

AND   TURBIDITY  S7-1203. 
ENUMERATION.— BACTERIA     S71203,     S7-33. 
EYRE.— SCALE  S7-8I01. 

FILM.— STANDARDIZATION   ANTIGEN  S7-351. 
FORMALINIZED.— ANTIGEN  S7-391. 
FUCH8IN. -INDICATOR  S7-793.— STAIN  S7-3321. 
GARNET  TEST.— DISINFECTANTS.     87-9101. 
GELATIN.— TEST    TRYPSIN    S815. 
GENTIAN    VIOLET.— STAIN    S7-332I. 
GONOCOCCUS.  -WEIGHT  AND  TURBIDITY   S7-1203. 
HCMOCYTOMETER.- COUNT    BACTERIA    S7-.33. 
HAEMOGLOBIN. -ESTIMATION   S7-220J,   S7-23. 
HYDROCHLORIC   ACID.— NORMAL   S7-723. 
HYDROGEN    ION.— COLOMETRIC      SOLUTIONS— CONCENTRATION  S7  8705, 

S7-76— STANDARDIZATION  MEDIA  S7f<3  to  S7-89. 
INDICATOR.— ANDRADE  S7-793— BRO.M  CRESoL  PURPLE  .S7-779— BRO.M 
THYMOL  BLUE  S7-77t}— CHINA  BLUE  PHENOL  RED  S7-782— 
CHINA  BLUE  RO.SOLIC  ACID  S7-778— CORALLINE  S7-8403— 
CRESOL  REDS7-78I— FUCHSIN  S7-792  — LITMUS  S7-783  U) 
87-789— .METHYL  (JRANGE  87-7222,  S7  773-METHYL  RED 
.S7-79I— NAPHTHOL  PHTHALEIN  S7-791  PAPER  87-8403— 
PHENOLPHTHALEIN  S7-771,  87-772— PHENOL  RED  87-775— 
POT.  MONOCHROMATE  S7-77-4— R08(JLIC  ACID  87-778, 
87-8403— SOLUTIONS  87-77  to  S7-79— TH  Y.MOL  PHTHALELN 
87-777. 
B.  I NFLUENZ/e.— WEIGHT  AND  TURBIDITY  87-1203, 
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IODINE  TEST.— DISINFECTANTS    S7-910I. 
KUBEL  AND  TIEIVIANN.— LITMUS    SOLUTION   S7-787. 
LO.— UOSK    S7-4112. 
L+.— IJOSE  S7-4I1:!. 

LITMUS.— INDICATOR  S7-783  to  S7-7Sy,  S7'89. 
MAGNESIUM  SULPHATE.— TURBIDITY  SUSPENSION  S715. 
MEDIUM.— LEMCO     879112— SOD.     TAUROCHOLATE     GLUCOSE      S7-913I  — 
STANDARD  S7-9112,  S7-913,  S7-9213— STANDARDIZATION  pH 
S7-S3    to  S7-89— STANDARDIZATION     PHENOLPHTHALEIN 
S7-81,  S7-82— STANDARDIZATION   REACTION  .S7-8. 
M.    MELITENSIS.— WEIGHT   AND   TURBIDITY  S71203. 
MENINGOCOCCUS.— WEIGHT    AND     TURBIDITY     S71203. 
MERCURY.— CALIBRATION    S8-21,   S8-22. 
METHYL  ORANGE.— INDICATOR  S7-7222,  S7-773. 
METHYL   RED.— INDICATOR   S7-791. 
MILK.— TEST    TRYPSIN    S8-12. 

MINIMUM  LETHAL  DOSE.     STANDARDIZATION     87-38. 
OPACITY  V.  TURBIDITY. 

NAPHTHOLPHTHALEIN.— INDICATOR   87-791,    87-88. 
NITRIC   ACID.— TEST   TRYPSIN    S8-U. 
NORMAL.— ACID    87-72— ALKALI    S7-71. 
OXALIC  ACID.— NORMAL  87-721. 

ORGANIC    MATTER— AND    DISINFECTANTS    S7-9201. 
B.    PARATYPHOSUS    A.— WEIGHT  AND    NUMBER    S7-1203.— WEIGHT      AND 

TURBIDITY  87-1203. 
B.  PARATYPHOSUS    B.— WEIGHT    AND    NUMBER    871203.— WEIGHT    AND 

TURBIDITY     87-1203. 
PHAGOCYTIC  TEST.— DISINFECTANTS  S7-9101. 

PHENOL.— COEFFICIENT    87-91(i3,   87-9230.— STANDARD  87-912,     S7-922. 
PHENOLPHTHALEIN.— INDICATOR  87-771,  87-772,   S7-8I,   87-82. 
PHENOL  RED.— INDICATORS  7-775,  87-83,  S7-84,  S7-80,  87-89— TUBES  S7-761, 

87-7li2. 
PHENOL  SULPHONE  PHTHALEIN.— INDICATOR  v.  PHENOL  RED. 
PHOSPHATE.— PRECIPITATION      IN     .MEDIA  S7-8203,     87-8702— SOLUTIONS 

STANDARDIZATION  S7-73  TO  S7-75. 
PIPETTE.— DROP         88-23.- MERCURY  CALIBRATION    88-21,       88-22.— 

STANDARDIZATION  88-2. 
PNEUMOCOCCUS.— WEKJHT    AND   TURBIDITY    87-1203. 

B.    PNEUMONI/C     (FRIEDL/ENDER).- WEIGHT      AND     NUMBER     87-1203— 

WEIGHT  AND  TURBIDITY    871203. 
POTASSIUM    MONOCHROM ATE.— INDICATOR  S7-774. 
POTASSIUM    PHOSPHATE.^  MOLECULAR   S7-73— NORMAL   S7-74. 
B.  PROTEUS.— WEIGHT   AND  NUMBER  S7-1203.—WEIGHT  AND  TURBIDITY 

87-1203. 
B.     PYOCYANEUS.— WEIGHT  AND  NUMBER  871203— WEIGHT  AND  TUR- 
,      .  BIDITY  87-1203. 

ROSOLIC  ACID.— INDICATOR  S7-.7.78— PAPER  87-8403 
RIDEAL  WALKER  TEST.— DISINFECTANT  S7-9. 
SILT— IN  WATER  S7-1U07. 
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SNAKE  VENOM.      ^  I  AN  DAI!  DIZATIOX   S7-4:t. 

SODIUM   CARBONATE.     NmUMAI.  STTIl.  ST  71i'. 

SODIUM    HYDROXIDE.     NdUMAL  SllXW. 

SODIUM   PHOSPHATE.     XoKMAL  ST  .S4. 

S3DIUM   TAUROCHOLATE.  CLUCO.SK   MKDIU.M   S7  9131. 

SOERENSEN.  AMINO-ACID  TITRATION  8811— PHOSPHATK  SOLUTIONS 
S7-7;j  to  S7-7.i— TRYPTIC  POWER  SSll. 

STANDARD.  AtJGIA'TINATloX  S7;{it23— ANTITOXIN  UNIT  S7  4111— BAC- 
TERIAL SUSPENSION  S7i)ll,  S7-92I— INDICATOR  SOLU- 
TIONS S7-77— LOOP  S7-371.  S7-9212— MEDIUM  S7-9112, 
87-913,  S7-9213.— PHENOL  87-912,  S7-922— SOLUTIONS 
S7-7. 

STANDARDIZATION.— A(;(;LUTlXABILrrY  S7-39.— ANIMAL  TEST  S7-3S— 
AREA  OK  ORO\VTHS7-3(i— BACTERIAL  ANTIOEN 
87-3— BACTERIAL  SUSPENSION  87-1 203— COLONY 
COUNT  S7 -34— CO  LOR  I. METRIC  pH  87-83  to  S7-8U— 
DISINFECTANTS  S7-9— FILM  STS.^i  — H.EMOCYTO- 
METER  S7-33— HYDROGEN  lON  MIXTURES 
S7-7ii— INDICATOR  SOLUTIONS  S7-7  to  87-9— 
MINIMUM  LETHAL  DOSE  8738— NORMAL  ACID 
87-72— NORMAL  ALKALI  S7-71— OPACITY  871- 
PHOSPHATE  SOLUTIONS  87-73  to  87-7i3— PIPET- 
TES 88-21— PLATINUM  LOOP  87-37— POLLEN 
S7-5— REACTION  MEDIA  878— SNAKE  VENOM 
87-43— STANDARD  SOLUTIONS  87-7— TINT  872- 
TOXIN  S7-4— TRYPSIN  S81 1— TURBIDITY  87-1 
S  7-32— WASSERMANN  TEST  ANTIGEN  87.5— 
WEIGHT  8  7-31. 

SUGAR.      rillNE  871007. 

SULPHURIC  ACID.— NORMAL    87722. 

8.      TETANI        roXIN   87-42. 

THIONIN   BLUE.  -STAIN  S7-332. 

THREAO   TEST       DI-^IXKK'.TAX  l".-<  87-9D)l. 

THYMOL  PHTHALEIN   -INDICATOR  87-777,   87  87. 

TINT.      -TA.XDAItDIZATION   872. 

TITRATION.   -MEDIA  87  s. 

TINTOMETER      TUBES  8722. 

TINTUROMETER  -ESTIMATION  TINT  87-23— ESTIMATION  TURBIDITY 
S7  1ti— USE   OF   87  Ui.   87-23. 

TOXOID.     DIPHTHERIA  87-4111. 

TOXIN,  li.  D1PHTHERI.E87-4I.— PURE  87  4111— SNAKE  87-43— .STANDAR- 
DIZATION  87-4  — B.  TETANI  87-42. 

TOXONE.    -DIPHTHERIA    874111. 

TRYPSIN  -ACIDITY  TEST  88-11— CASEIN  TEST  ssl.t,  .-^s  14— GELATIN 
TEST  881.-.     MILK  TEST  881  2-STANDARDIZATION  Sbl. 

TYPHOID-PHEMOL.     TEST  DISINFECTANTS  87-92. 

B.  TYPHOSUS.  TURBIDITY  AND  NUMBER  8714,  S7-l.-|  WEIGHT  AND 
.NUMBER   87-1203— WEKJHT   AND  TURBIDITY  87-120;;. 

TUBERCULIN.— .STANDARDIZATION  87-381. 


44:4:  bacteriological  am  Laboratory  Technique. 

TURBIDITY— AND  NUMBER  S7-1203— AND  WEIGHT  S7-1203— ANTIGEN 
S7-I,  S7 -32— ESTIMATION  S7-11,  S7-12,  S7-16— TINTURO- 
METER  S716— TUBES   S7-11,   S7-12. 

UNIT.— ANTITOXIN  S7-4111. 

URINE.— ESTIMATION  ALBUMIN  S7-l(i07— ESTIMATION  SUGAR  S7-1607. 

WASSERMANN  TEST.— ANTIGEN  S7G. 

WATER.— ESTIMATION  SILT  S7-1607. 

WEIGHT.— BACTERIA  S7-1203,  S7-31. 

WRIGHT.— STANDARDIZATION  ANTIGEN  S7-3i2,  S7-35I, 
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The  male  and  female  external  genital  apparatus  in  the  bed-buR  lias 
been  described  by  several  authors,  notably  Landois(  )  Patton  and 
Cragg,(-)  Rothschild, (■')  Hay  Murray(  )  and  Ha8e("').  The  most 
complete  description  is  that  of  Rothschild,  who  studied  the  parts  with  a 
view  to  uti'ising  them  in  the  differentiation  of  species.  None  of  these 
authors,  however,  have  given  a  satisfactory  account  of  the  homology 
of  the  different  structures,  and  their  descriptions  are  consequently 
somewhat  lacking  in  enlightenment. 

The  terminal  segments  of  the  male  in  C'iinex*  are  modified  in 
connection  with  the  altogether  extraordinary  manner  of  copulation. 
The  female  has  two  se.xual  apertures,  distinct  and  widely  separate 
from  one  another,  a  copulatory  orifice  situated  on  the  right  side  of 
the  ventral    aspect  of  the  apparent  fourth  sternite  just  jiosterior  to 

•  NoTB. — Wo  have  dealt  throaghont  with  C.  leetulariut,  but  there  in  no  reaaon  to 
believe  that  the  other  apecies  differ  materially  as  itgardH  ihe  nlfurturpR  we  have 
described. 
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the  mid-i)oiiit  of  the  abdomen,  and  an  orifice  for  ovipositiun  in  the 
normal  ventro-posterior  position.  Moreover,  the  copulatory  orifice  of 
the  female  is  of  a  spec-ial  kind  ;  there  is  a  short  longitudinal  slit  in 
the  sternite  and  beneath  this  a  solid  structure,  Berlese's  organ, 
recently  described  in  detail  by  Cragg,(  )  which  has  no  aperture 
which  could  possibly  admit  the  obvious  male  part.  At  the  most  the 
so-called  penis  of  the  male  can  be  passed  into  the  slit  in  the  sternite. 
The  so-called  penis  is  claw-like,  carried  laterally  and  bent  to  the 
left,  in  correlation  to  the  position  of  the  copulatory  orifice  of  the  female 
and  to  the  position  taken  up  by  the  pair  during  the  act  of  copulation. 
But  there  are  obvious  anatomical  difficulties  in  the  way  of  its  use  for 
the  introduction  of  the  spermatozoa  into  the  organ  of  Berlese.  A 
closer  examination  of  this  interesting  structure  reveals  the  fact  that  it 
is  not  the  penis  at  all,  but  merely  a  grooved  director  along  which  the 
true  intromittent  organ  glides  during  the  act  of  copulation.  B}--  a 
comparison  of  the  parts  witli  those  of  other  Rhynchota  it  has  been 
possible  to  determine  the  homology  of  the  organ.  The  sexually  modified 
segments  of  the  female  with  their  appendages  are  also  described  and 
given  their  homologous  denotation. 

The  .\BDn.MEN'  in  Cimex. 
Before  proceeding  to  discuss  the  sexually    modified  parts,  it  is 
necessary  to  define  the   taxonomy  of  the   abdominal    segments  as   a 
whole. 

The  abdomen  in  Cimex  is  composed  of  the  following  segments. 
There  is  an  apparent  first  segment, consisting  of  both  tergite  and  sternite, 
and  carrying  ventrally  on  each  side  well  up  towards  its  anterior  edge  a 
pair  of  spiracles.  There  follow  five  large  unmodified,,  or  but  slightly 
modified,  segments  each  carrying  on  the  lateral  portions  of  the  sternite  a 
pair  of  spiracles.  Following  the  last  of  these  and  considerably  smaller 
is  an  apparent  seventh  segment  also  bearing  spiracles,  but  modified 
ventrally  in  the  female  in  connection  with  the  genital  opening.  The 
end  of  the  abdomen  is  formed  by  the  apparent  eighth  segment,  whicli 
is  without  spiracles  and  is  modified  both  in  the  male  and  in  the  female 
for  sexual  purposes.  Particularly  in  the  artiiicially  distended  bug 
can  be  seen  a  further  minute  riug-sha})ed  segment,  and  beyond  this  at 
the  anal  orifice  still  another  possible  segment  consisting  of  tiny  hair- 
bearing  plates  resembling  in  appearance  a  minute  tergite  and  sternite. 
(Plate  XXX   fig.  1). 
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It  is  certain  that  the  tirst  of  the  segments  desiribed  al)ove  is  not 
homologous  with  the  true  first  abdominal  segment  in  insects.  Though 
this  seems  to  us  fairly  obvious  we  have  not  seen  it  anywhere  definitely 
stated  in  the  description  of  Cimex  that  this  is  so.  Later  in  this  pajjcr  we 
give  evidence  for  considering  this  segment  to  be  in  reality  the  second 
abdominal  segment,  and  in  the  meantime,  to  avoid  confusion,  we  shall 
in  description  give  the  segments  their  true  homologous  numbers,  the 
apparent  first  being  the  true  second  and  the  minute  ring-shaped  segment 
the  tenth  with  a  possible  eleventh  segment  represented  by  the  two 
minute  crescentic  anal  plates. 

There  is  apparently  no  trace  of  the  true  first  sternite,  but  what  is 
almost  certainly  the  remains  of  the  tergite  is  to  be  seen  as  a  crescentic 
portion  of  the  large  second  tergite  separated  off  by  a  distinct  incras- 
sation.  In  the  nymph  the  existence  of  a  first  tergite  is  still  more 
demonstrable,  there  being  a  distinct  separate  chitinisation  representing 
this  structure  (Plate  XXIX,  fig.  7).  In  the  nymph,  as  in  the  adult,  no 
sternite  is  demonstrable.  Comparative  studies  confirm  the  view  that 
the  crescentically  marked  off  portion  referred  to  is  in  reality  the  first 
tergite.  In  some  bugs  it  exists  as  a  distinct  piece,  but  most  frequently 
it  is  more  or  less  fused  with  the  second  tergite.  the  junction,  howeveri 
being  almost  invariably  clearly  indicated  by  a  deej)  sulcus  or 
incrassation. 

The  second  true  segment  in  Cimex  is  very  large  and  at  the  sides 
extends  forwards  in  two  blunt  cornuate  processes.  Dorsally  the 
chitinisation  extends  without  a  break  across  the  body,  there  being  no 
indication  of  sejjaration  into  tergite  and  connexivium.  Ventrally 
also  the  .segment  is  continuously  chitinised  for  its  full  width,  but  it  is 
deeply  impressed  centrally,  where  the  chitinisation  is  less  intense,  by 
the  extension  backwards  of  the  metasternum  and  posterior  coxae. 
Close  up  to  the  metasternum,  almost  at  the  anterior  edge  of  the 
segment,  are  the  spiracles. 

Abdominal  segments  3-7  are  very  similar  to  one  another  in  shape 
and  size.  Each  consists  dorsally  of  a  broad  tergal  plate,  chitinised 
uninterruptedly  from  margin  to  margin,  and  a  ventral  area  similarly 
chitinised  across  the  whole  width  but  less  intensely  in  the  middle.  As 
in  segment  2  there  is  no  indication  of  separate  connexivial  plates  or  of 
lateral  pleural  memlirane.  Each  of  these  segments  carries  ventrally 
near  its  outer  edge  a  pair  of  spiracles.  The  fifth  segment  has  on  the 
right  side,  in  the  female,  a  longitudinal  slit  extending  the  whole  depth 
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of  the  segment,  and  leading  to  the  structure  known  as  the  *  organ  of 
Ribaga '  which  is  the  entrance  to  the  '  organ  of  Berlese.'  The  so- 
called  jpenis  of  the  male  is  inserted  into  this  slit  during  copulation. 
Dorsally  between  segments  3-4,  4-5  and  5-6  in  the  median  line  are 
indications  of  the  invaginations  usually  termed  stink  glands. 

The  eighth  segment  consists  dorsally  of  a  continuously  chitinised 
tergal  plate  diflering  only  from  those  of  the  preceding  .segments  in  being 
smaller  and  more  contracted  owing  to  its  approach  to  thetennination  of 
the  abdomen.  Ventrally  in  the  female  the  segment  is  considerably 
modified,  as  described  later  in  connection  with  the  female  genital 
opening ;  in  the  male  there  is  a  slight  modification  only  which  will  be 
described  when  dealing  with  the  male  genital  apparatus.  On  each 
side  of  the  ventral  surface  of  the  eighth  segment  is  a  large  and 
conspicuous  spiracle.  No  trace  of  a  spiracle  is  visible  even  on  the 
closest  examination  on  the  succeeding  segments.  The  presence  of  a 
spiracle  on  this  segment  and  on  no  succeeding  one  is  of  importance.  In 
almost  all  insects  the  last  pair  of  spiracles  are  on  the  eighth  segment ; 
only  in  the  Lepidoptera  and  Diptera  are  the  last  pair  generally  on  the 
seventh  segment.  Exceptions  in  other  orders  than  those  mentioned 
are  practically  only  seen  when  the  eighth  segment  is  obsolescent,  and 
even  in  this  case  careful  search  may  frequently  show  some  mark  or 
indication  of  the  spiracle.*  The  position  of  the  spiracles  is  therefore 
additional  evidence  of  the  correctness  of  our  interpretation  of  the 
segmental   notation  in   Cimex. 

The  ninth  segment  is  profoundly  modified  in  both  male  and  female. 
In  both  it  forms  the  end  of  the  abdominal  box  proper,  the  succeeding 
segments  being  loosely  articulated  and  in  life  more  or  less  telescoped 
within  the  body. 

The  tenth  segment  in  the  male  is  in  the  form  of  an  almost  complete 
chitinous  ring  without  differentiation  into  tergite  and  sternite  ;  in  the 
female  it  is  deficiently  chitinised  beneath.  The  small  anal  plates 
referred  to  previously  are  extremely  characteristic  of  the  Hcteroptera  ; 
whether  these  are  traces  of  an  eleventh,  or  of  the  twelfth  segment,  or 
do  not  represent  a  true  segment  at  all,  we  are  unable  to  say.  The 
tenth  segment  and  the  extension  beyond  it  clearly  form  in  Cimex 
the  structure  so  characteristic  of  the  Rhynchota  generally  and  known 
as  the  Cauda. 


*  A  curious  exception  is  the  apterygote  Japyz, 


Platk  XXIX. 

Pl||.  1.  Partially  dissected  potash  preparation  of  ^  C.  ledulanut  ad'tlt, 
showinc;  the  small  ring-like  tenth  Eeijment  and  the  appenda)^ 
To  the  left  of  the  base  of  the  appendage  is  seen  the  chitiuous 
framework  of  the  phallosorae.     (Dorsal  view.) 

„  2.  Potash  preparation  of  J  C.  leclularius  adult,  showing  the  ninth 
secment  with  the  appendage,  ring-like  tenth  segment,  groove, 
etc.  (Ventral  view). 

„  3.  Potash  preparation  showing  the  phatlosome  dissected  out.  The 
heavily  chitinised  basal  folds  are  conspicuous  and  around  the 
organ  is  seen  the  delicate  membranous  capsule  (membrane  of 
genital  cavity).  Below  is  seen  the  delicate  chitinout  linmg  of 
the  ejaculatory  duct  entering  the  organ  and  above  the  continua- 
tion of  the  phallosome  as  a  delicate  chitinous  extension  which 
in  this  specimen  reached  the  full  length  of  the  groove  in  the 
appendage. 

„  4.  Ventral  view  of  potash  preparation  of  a  ^^  Tingid  Bug  to  show 
bilateral  symmetry  with  two  appendages  and  a  large  median 
phallosome  as  is  usual  in  the  Heteroptora. 

„  6.  Potash  preparation  of  J  nymph  showing  ventral  chitinous  plates , 
en  abdcir.ical  segments  7,  8  and  9.  The  chitincus  rudiment  of 
the  gcnitr.l  apparat'is  is  e?en  behind  the  ninth  segment  which 
is  undivided. 

„  6.  Potash  preparation  of  q  nymph  showing  chitinous  plates  on 
abdominal  segments  7,  8  and  9,  the  latter  divided  into  two 
lateral  portions,  etc. 

„  7.  Dorsal  view  of  abdomen  of  nymph  sliowing  presence  of  a  (irst 
abdominal  tergite.  The  last  segment  seen  is  the  ninth  a*  tb« 
small  ring-like  tenth  segment  is  not  shown.  Vide,  however, 
tigs.  5  and  6. 

„  8.  Partially  dissected  potash  preparation  of  q  adult  showmg  th« 
eighth  and  ninth  segment  with  appendages  On  the  left  side 
the  lateial  connexivial  piece  of  the  eighth  segment  is  seen 
with  spiracle.  Below  are  the  two  portions  of  thi  ninth  sternit^ 
with  their  boss-like  inner  projections.  Posterior  to  the  hairy 
bosses  lies  the  tenth  segment.  Anteriorly  to  the  ninth  sternal 
pieces  are  the  narrow  chitinouii  strips  of  the  posterior  guaapo- 
physea. 


.ZIXX    STAJ^ 

.iluba  »Mni>Wl095  .0  ^  !o  noiJaiBqaiq  ffaaJoq  baJssaaib   ^Jlsifial     .1     .]bH 
sjjabnsqq*  sdJ  has  ia^of^oa  din^i  sjfif-gnh  [/flma  ndi  ^a'nroda 
moaiildo  9di  asaa  si  s^aba^qqa  edi  lo  sasd  adi  io  ilsf  ^rf*  oT 
(.wsiv  IfisioO)     .smoaoIfjBifq  srfJ  lo  ■AiovotoB'A, 
dinia  edt  gniworfa  .Jfubfi  2«hD!uto!>5  .0  ^  Jo  noiJciBqeiq  dssiol     .S       „ 
,9vooig  .itnsmsea  diaai  95jil-jjnii  .sgabnsqqa  arfi  ifJiw  in^fngaa 

.(w9fv  ffiiJnoV)  .aJ9 
sriT  .*x;o  bsJooaaib  smoaollBdq-  edi  gaiworfe  aoiieiBqe^q  dae)o1  .fi  „ 
srfJ  bnuoTB  bna  suouoiqanoo  91«  ablo}  leaad  boziaiiido  vlrTBsd 
lo  onxsicfraom)  abiaqao  auoHBidmsm  sjBoileb  9/ft  nssa  ai  nisgio 
lo  50inil  auoniJirfo  sJjaoifsb  srfj  nsae  gj  wohE  .{viivBO  Is^tinsg 
-3i;ni*no3  9d:t  svoda  bae  asgio  9dJ  gnn9ia9  ;toi;b  ifioJfiluoBis  9di 
doidw  noian9ix9  auoniJido  siaoilsb  e  ea  smoaolladq  sdi  lo  aoii 
adi  ai  ovooig  9d:t  lo  rfignsi  Iful  9d:>  bgdoBoi  agrrrboqa  aid:>  ai 

.9§Rbfi')qqB 
v7oda  Qi  guS  bigniT  ^  «  lo  aoiJ/iiBq9'iq  dasJoq  lo  wsiv  lisiinoV  .*  „ 
naibsm  9gTBl  b  bns  e9gBba9qqs  owj  dJiw  '^titarnrnva  fsigiBlid 
.Bioiqo'i9}9H  9dJ  ni  iBuei;  ai  aB  Sfrioaollfidq 
,  gaJfilq  suoailido  IjsiJnev  gaiwoda  dqravfi  ^  lo  rsoWjetBqsiq  daaJo"?  .fl  „ 
lo  taomibui  auoaiiido  sdT  .6  baa  8  ,T  aitt9tiigo3  faairaobda  ao 
doidw  Jnsragga  dinin  grfJ  baid'td  ngsa  ar  ar-JsiB'fqs  IsJinog  9dJ 

.babivibrta  ai 
uo     e9:fBJq   guooiJid-)   gniwoda    dqmvn  g    lo   noiJciBqgiq   daBlo*!     .6       „ 
owj  o:tni  babivib  ^ft1ie^  tdi  fi  baa  8  ,V  atnaragga  lisaimobdB 

.•>J9  ,aaoi.t7oq  ffii^JBi 
JeiA  B  lo  9Da939iq  gaiv/odg  dqrriya  lo  namobds  lo  W9iv  IbsioQ     .T       „ 
»d)  ea  dJnin  edi  ai  aaaa  Jnsrngga  JrbI  9dT     .9li2i9:t  iBnirnobda 
,i9V9wod  ,3bVV     .nwoda  Jon  ai  Jn'»mg93  d}a9}  ediJ-gaii  ([Boia 

.9  bns  S  .agft 
adi  gniwoda  Jluba  q  lo  noiJBiBq9iq  deaJoq  bsissaaib  TflfiiJiB?  .8  „ 
sbis  Hal  sdi  nO  .e9gBbn9qq8  dctiw  Jn9mg98  dJnin  bae  did^is 
asoB  ai  Jn9m§9a  didgie  9riJ  lo  soaiq  lBivix9anoo  Ibis^bI  9dJ 
^iiateia  dJnin  ;di  lo  anoitioq  ot/J  9d:t  sis  woIgS  .gloBiiqa  d;tiw 
"^lifid  sdi  oi  ioii9i8o1  .anoiJogioiq  i9nni  95liI-8aod  ii9dJ  d;tiw 
iBfligJa  diaia  adi  oJ  \boii3iaA  .Jn9rng98  d}n9J  9ilJ  agiJ  898aod 
-oqs0og  ioii9JEoq  sdl  lo  aqiiJe  axroniJido  woitfifl  9dJ  sib  8909iq 

.B337dq 


Plate  XXIX 


%    f 


^''i^ 


5f.  /?.  Christophers  aud  F.   W.  Crcufg.  449 

In  the  nymph  the  presence  of  a  distinct  first  tcrsjito  has  nlrcndy 
been  referred  to.  The  second  tersjite  consists  of  a  median  transversely 
elonnated  chitinis;jtion  (tergitc)  and  two  lateral  chitinised  areas.  The 
tergites  3-7  are  much  as  in  the  adult ;  the  third  tergite  is,  however, 
unchitinised  in  its  anterior  portion.  Ventrally  the  sternites  are  almost 
completely  unchitinised,  but  there  are  median  chitinoua  plates  on  the 
seventh,  eighth  and  ninth  segments  and  at  the  extreme  lateral  edge  of 
each  segment  a  small  chitinous  '  island.'  In  the  fully  grown  nymph 
small  chitinised  spots  also  appear  internal  to  the  stigmata.  In  the 
voung  nymph,  tliough  tlie  differentiation  of  the  first  five  segments  ia 
well  marked,  the  iu'lications  of  the  remaining  segments  dorsally 
are  somewhat  indistinct.  In  the  last  nymphal  stage,  however,  the 
whole  series  of  eleven  abdominal  segments  composing  the  abdomen 
can  be  clearly  made  out.     (Plate  XXIX,  figs.  5,  6  and  7). 

The  oemt.\l  .^rm.\ture  is  ihe  female. 

The  female  opening  is  po.sterior  to  the  eighth  stornite.  In  connec 
tion  with  it  the  sternites  of  the  eighth  and  of  the  ninth  segments  are 
modified. 

The  eighth  sternite,  instead  uf  being  continuously  chitinised,  as  are 
the  precetling  segments,  is  subdivided  into  four  separate  plates,  two 
lateral  and  two  median.     (Plate  XXIX,  fig.  8). 

The  lateral  portions  of  the  sternite  carry,  as  already  noted,  well 
marked  spiracles.  Externally  these  portions  are  closely  ap|)lied  to  the 
tergal  plate  without  the  intervention  of  a  pleural  membrane  and  form 
part  of  the  sharp  abdominal  margin.  There  seems  no  doubt  that  these 
plates  are  homologous  with  the  eighth  sternal  connexivial  piece  to  be 
seen  in  most  Heteroptera,  where  they  usually  carry  the  eighth 
pair  of  spiracles. 

The  median  portions  of  the  sternite  have  been  termed  by  Roths- 
child(  )  the  adtnedian  plates.  These  are  entirely  separated  by  a  deep 
sulcus  and  soft  membrane  from  the  lateral  pieces  and  from  each  other. 
Each  plate  is  roughly  quadrangular  in  shape,  the  posterior  border, 
which  is  thin  and  .somewhat  rounded  covering,  in  a  resting  condition, 
the  lateral  portions  of  the  succeeding  segment.  From  the  internal 
border  of  the  admedian  plates  spring  a  pair  of  processes  shaped 
something  like  two  quarters  of  an  orange,  the  ventral  surfaces, 
corresponding  to  the  rind,  being  rather  thickly  chitinised  and  hairy. 
These  processes  lie  alnjost  directly  over^the_openin{j  of    the  common 
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oviduct  and  in  dissections  they  often  come  away  attached  to  this.  The 
iioniology  of  the  admedian  plates  and  their  processes  is  fairly 
simple.  Throughout  most  of  the  Heteroptera  a  somewhat  similar 
conditionisseen,  enabling  their  identity  to  be  determined  respectively 
as  the  halves  of  the  eighth  steniite  and  the  processes  commonly 
springing  from  these  (anterinr  gonapophyses,  valvulae  inferiores  of 
authors).  As  will  be  seen  later,  this  view  is  confirmed  by  a  study 
of  the  develojimpnt.  In  Cimex.  iiowever,  these  processes  are  much 
reduced  from  tlieir  ancestral  condition  and  lack  characters  which 
are  to  be  found  in  those  bugs  wiiere  they  are  more  devoloped  and  help 
to  form  an  ovipositor. 

The  ninth  segment  completes  the  apex  of  the  abdomen.  In  shape 
it  is  more  or  less  of  a  triangular  pyramid.  Forming  one  .side  of  the 
pyramid  and  completing  the  whole  dorsal  surface  is  the  tergal  chitinisa- 
tion.  The  other  two  sides  of  the  pyramid  are  ventral,  and  are  formed 
respectively  by  the  two  separated  portions  of  what  for  the  time  we  may 
take  to  be  the  ninth  sternite.  These  lateral  sternal  pieces  are  in  most 
of  their  outer  extent  smooth  and  hairless,  but  their  inner  edges  are 
raised  to  form  conspicuous  blunt  hairy  elevations.  (Plate  XXIX, 
fig.  8).  Between  these  elevations  lies  a  deep  groove  in  which,  at  the 
extreme  apex  of  the  body,  lies  the  minute  tenth  segment  and  the 
Cauda.  Anteriorly  the  groo-v'e  is  continuous  with  a  hollow  normally 
covered  in  and  protected  by  the  anterior  gonapophyses,  into  which  the 
oviduct  opens. 

Lying  along  the  inner  and  anterior  edges  of  the  lateral  sterna 
pieces  of  the  ninth  segment  are  the  two  peculiar  lobes  described  by 
Rothschild.  Each  springs  from  a  broad  base  and  terminates  in  a 
narrow  pointed  extremity  directed  backwards  and  lying  in  the 
median  genital  groove.  There  seems  little  doubt  that  these  are 
processes  {gonapophyses)  of  the  ninth  segment  or  the  valvulae 
interinediae  of  authors.  The  most  striking  peculiarit}'  of  these  lobes  is 
a  long  narrow  line  of  chitinisation  along  their  inner  margin,  which 
in  a  cleared  preparation  appears,  as  remarked  by  Rothschild,  to  be  a 
long   narrow   free  rod. 

Chitinised  strips  are  present  on  the  gonapophyseal  processes  of 
many  Heteroptera,  both  the  anterior  and  posterior  pair,  and  in  less 
retrograde  types  form  a  groove  and  socket  mechanism  for  linking  these 
processes  together.  The  strip  in  Cimex  is  therefore  apparently  a  relic 
from  an  ovipositor  bearing  ancestor. 
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In  C.  lectulariiis  these  strips,  it  will  be  noted  from  the  figure 
given,  arise  at  the  base  close  to,  but  not  in  direct  continuation  with, 
the  lateral  ninth  sternal  pieces.  The  explanation  of  this  appears  to 
be  that  normally  in  the  Heteroptera  the  gonapophyseal  chitinisation 
which  they  represent  is  a  forward  continuation  of  the  outer  angles 
of  the  median  portion  of  the  ninth  sternite.  The  sternite  in  such 
cases  is  often  divided  into  two  lateral  halves,  widely  separated, 
the  central  parts  between  these  are  depressed  and.  whilst  whollv 
membranous  in  some  forms,  still  exist  as  a  chitinised  plate  or  plates  in 
others.  In  C.  lectularius  there  is  no  central  chitinisation  and  we  niav 
suppose  that  by  disappearance  of  the  median  portion  of  the  sternite 
the  chitinisatious  of  the  gonapophyses  have  been  left  in  a  floating 
condition. 

The  third  component  part  of  the  typical  ovipositor  i.e.  the  ^o«a- 
pods,  styles  or  vahmlae  supen'ores  of  authors  are  unrepresented  in  Ciitiex. 

The  genital  .\r.m.\tire  in  the  male. 

The  eighth  segment  of  the  male  in  general  characters  resembles 
the  preceding  segments  and  .shows  no  sub-division  of  the  ventral 
surface  into  separate  plates.  The  only  modification  in  connection 
with  the  sexual 'function  is  a  slight  asymmetry  and  the  presence 
of  a  depression  on  the  left  side  at  the  apex,  where  the  groove 
traversing  the  ninth  segment  ends  and  the  tip  of  the  so-called  penis 
approa'  hes  it. 

The  ninth  segment  forms  a  somewhat  flattened  cap-like 
termination  to  the  body.  There  is  no  separation  into  tergite  and 
sternite,  the  dor.sal  and  ventral  .surfaces  being  connected  by  continuous 
chitinisation  so  that  the  whole  segment  forms  an  almost  completely 
closed  box.  The  line  of  apparent  junction  of  tergite  and  sternite  is, 
however,  depressed  and  forms  a  broad  groove.  This  groove  commences 
about  midwaj'  on  the  right  lateral  border  of  the  segment  and,  passing 
transversely  around  the  apex  of  the  body,  continues  along  the  whole 
lengthof  the  left  side  of  the  segment  to  terminate  in  the  depression 
already  referred  to  on  the  eighth  segment.     (Plate  XXIX,  fig.  2.) 

Arising  from  an  invaginated  hollow  in  the  floor  of  this  groove  a 
little  to  the  right  of  the  middle  line  of  the  body,  is  the  so-called  penis. 
This,  at  rest,  is  directed  along  the  groove  to  the  left  passing  under  the 
tenth  segment  «nd  cauda.  Opening  into  the  groove  beneath  the  small 
tenth  segment  is,  however,  a  second  chitinous  invagination  in  which  lie* 
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a  structure  so  far  not  referred  to  by   any   author  ;   this  is  the    true 
intromittent  organ  or  Phallosome* 

The  so-called  penis  is  a  claw-like  structure  formed  of  a  continuous 
piece  of  chitin  ;  it  has  been  sufficiently  described  by  Hay  Murray  ands 
others.  The  most  important  feature  is  that  it  does  not  form  a  true 
canal,  but  is  merely  deeply  grooved  for  a  portion  of  its  convex  or 
posterior  border.  The  phallosome  is  a  complicated  organ  resembling  in 
its  structure  the  phallosome  of  other  insects.  In  order  to  understand 
the  nature  of  both  these  structures  in  Cimex,  it  is  necessary  to  say  a  few 
words  regarding  the  normal  condition  of  the  male  parts  in  the  order 
Heteroptera  to  which  the  bed-bug  belongs. 

In  the  Heteroptera,  in  accordance  with  the  general  plan  of  the 
male  armature  of  insects,  the  ninth  segment  is  specially  modified.  The 
modification  most  characteristic  of  the  order  is  a  tendency,  often  very 
pronounced,  for  the  fusion  of  the  tergite  and  sternite  of  this  segment 
and  the  crumpling  up  of  the  posterior  lip  of  the  latter  so  that  the  whole 
segment  forms  a  cup-shaj.ed  box.  This  chitinous box  encloses  a  deep 
hollow,  often  opening  externally  only  by  a  comparatively  restricted 
opening,  the  terminal  chamber  of  Sharp,  or  as  we  prefer  to  call  it  the 
genital  cavity.  Springing  from  the  base  of  the  genital  cavity  is  a 
comparatively  large  non-scgmental  jjhaUosome.  On  either  side  of  the 
phallosome  projects  a  structure  composed  of  a  single  chitinous"  piece 
and  usually  more  or  less  antler  shaped.  These  antler-like  structures 
arise  from  the  inner  aspect  of  tlie  ninth  sternite.  They  are  termed  by 
Sharp  lateral  ap2)en(lages.  In  the  C'ryptocerata  and  some  other  forms 
they  are  seen  as  appendages  arising  from  the  edge  of  the  sternite  in 
the  neighbourhoodof  the  junction  of  the  sternite  with  the  tergite  and  lie 
externally.  In  some  form  or  another,  with  a  few  exceptions,  they  are 
present  throughout  the  Heteroptera  and  higher  Homoptera.  We  have 
provisionally  retained  for  them  the  name  lateral  ajy'pendages.  The 
so-called  penis  of  Chmex  is  one  of  the  two  lateral  appendages  normally 


*  No  satisfactory  teim  to  indicate  the  complicated  non-segmental  intromittent 
organ  as  a  whole  appears  to  exist.  Sharp(')  dealing  with  the  male  organs  in  the 
Pentatomida?,  speaks  of  the  aedoeagm,  but  apparently  does  not  include  in  this  term  the 
theca,  an  essential  and  important  part  of  the  nonsegmental  mass.  Edwards(8)  uses 
aedoeagns  for  the  parts  in  the  mosquito,  but  the  same  term  is  used  in  a  restricted  sense 
in  the  Lepidoptera.  As  it  is  often  convenient  to  signify  the  whole  non-segmental  mass 
without  implj'ing  homologies  other  than  in  the  organ  as  a  whole  we  have  used  the  term 
phallosome,  which  is  in  keeping  with  the  nomenclature  now  coming  into  general  use  aiid 
is  devoid  of  ambiguity. 
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nresfnt  in  the  order,  the  other  ajipendage  having  disappeared.  Owing 
to  the  distension  of  the  parts  in  Cimex  it  is  not  possible  by  inspection 
to  be  quite  certain  which  of  the  appendages  has  developed  and  which 
has  disappeared,  but  a  study  of  the  development  [vide  next  section) 
shows  that  it  is  the  left  appendage  which  has  become  the  body 
hitherto  calle<l  the  penis. 

The  phaUosome  s])rings  in  the  middle  line  from  the  membrane 
between  the  ninth  and  tenth  sternite.s.  It  is  usually  a  comparatively 
large  organ  ami  extremely  complex  in  structure.  Essentially  it 
consists  of  (1)  a  basal  fold  very  heavily  chitinised  and  most  often  shaped 
remarkably  like  a  stirrup  ;  (2)  the  portion  called  by  Sharp,  the 
theca  ;  (3)  a  me<lian  organ  carrying  the  opening  of  the  ejaculatory 
duct. 

The  massive  stirrup-shaped  piece  is  highly  characteristic  of  the 
order  and  occurs  in  more  or  less  recognisable  form  in  practically  all  bugs. 
It  may  be  regarded  as  a  circumphallic  chitinisation  <  f  the  membrane  of 
the  base  of  the  genital  cavity,  encircling  the  base  of  tlie  phallosome  and 
usually  forming  a  bed  for  its  reception.  By  it  the  whole  organ  is  slung 
and  it  is  to  this  body  that  the  powerful  muscles  of  the  part  are  attached. 
For  the  time  we  may  call  it  the  basal  fold. 

The  theca  is  also  present  tliroughout  the  order.  An  important 
part  of  the  theca  is  the  inversely  reflexed  fold  of  membrane  lining 
its  cavity.  Tliis  is  frequently  eversible  and  may  be  furnished  with 
most  complicated  saccular  dilatations  with  chitinous  thickenings  and 
processes. 

The  third  portion  of  the  phallosome  may  probably  be  correctly 
homologised  as  the  mcsoso-me.  Sharp  refers  to  it  along  with  certain 
lateral  processes  as  the  aedceagug.  This  is  essentially  a  papilla  carrying 
the  opening  of  the  ejaculatory  duct,  the  outer  layer  being  contiiiuous 
below  with  the  lining  membrane  of  the  theca.  When  the  parts  are  fully 
extended  the  mesosome  sometimes  carries  with  it  this  lining  membrane 
with  all  its  accessory  parts  (if  present)  and  there  may  thus  be  formed  a 
large  compound  eversible  sac. 

In  Cimex  the  i^hallosome  has  the  appearance  of  this  organ  in  bugs 
generally,  though  it  is  much  reduced  in  relative  size  and  complexity,  it 
lies  in  a  sac-like  envelope,  the  membrane  of  which  is  continuous  with  the 
external  chitin  of  the  body,  the  cavity  opening  by  a  narrow  neck,  under 
the  t«oth  .segment.  This  sac  appears  to  be  the  greatly  reduced  ijenital 
cavity  or  hollow  of  the  ninth  sternite,  here  reduced  out  of  all  resemblance 
J,  UR  1 
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to  its  original  condition.  On  the  sides  of  this  saccular  envelope,  closely 
embracing  the  phallosome,  are  two  peculiar  thick  chitinous  folds  (Plate 
I,  figs.  1  and  3),  very  conspicuous  both  in  potash  preparations  and  in 
sections.  The  appearance  of  these  suggests  the  basal  fold  of  other 
Heteroptera.  Of  these  folds  one  lies  to  the  right  and  somewhat  dorsalh' 
and  the  other,  which  is  somewhat  larger,  to  the  left  and  more 
ventrally.  Partly  enveloped  by  these  folds  is  a  thick  basal  portion 
of  the  phallosome  springing  from  the  base  of  the  cavity  and 
receiving  the  common  ejaculatory  duct.  This  we  take  to  be  the 
iheca.  Finally  there  is  a  soft  terminal  portion,  capable  of  extension 
and  covered  in  part  with  minute  chitinous  teeth  ;  this  we  take  to 
be  the  mesosome.  In  sections  the  ejaculatory  duct  after  entering  the 
base  of  the  phallosome  is  seen  to  form  a  dilatation.  This  appears  to 
be  followed  by  a  complicated  folding  within  the  thecal  portion  and 
then  by  a  straighter  portion  lying  in  the  papillary  projection  we  have 
called  the  mesosome. 

As  ordinarily  seen  in  dissections  or  in  sections  of  tne  parts,  the 
mesosome  is  a  flaccid  papilla,  which  at  the  neck  of  the  ijhallosomic  capsule 
is  directed  somewhat  to  the  left  and  comes  practically  to  lie  upon 
(dorsal  to)  the  basal  portion  of  the  a-pjiendage  and  just  about  reaches  the 
commencement  of  the  groove  in  this  structure.  In  some  cases  it  is  found 
extending  the  whole  length  of  the  groove  and  can  be  pulled  out  from 
this.  There  can  be  little  doubt  that  in  the  act  of  copulation,  the 
appendage  having  been  inserted  into  the  cleft  in  the  fifth  sternite,  the 
mesosome  passes  along  the  groove  until  it  comes  into  relation  with  the 
so-called  organ  of  '  Ribaga,'  through  which  the  spermatozoa  enter  the 
body  of  the  female. 

Development  of  the  genital  structures  in  Cimex. 
External  indications  of  sex  in  the  7)ymph. 

From  the  earliest  stage  in  the  nymph  it  is  possible,  in  a  suitable 
preparation,  to  distinguish  the  male  from  the  female. 

In  the  nymph  the  ventral  surface  of  the  abdomen  is  mainly 
unchitinised.  There  are,  however,  on  the  seventh,  eighth,  and  ninth 
segments  rather  conspicuous  median  chitinous  plates.  These  plates, 
especially  that  on  the  ninth  segment,  differ  in  shape  and  size  in 
the  two  sexes.  In  addition,  especially  in  the  last  instar,  there  are 
certain  indications  of  the  future  genital  structures  of  the  adult, 
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In  the  female  the  plate  on  the  eighth  segment  shews  posteriorly  in 
the  miiitlle  line  a  notch,  on  either  side  of  which  is  a  differentiation  of  the 
^i-hitin  snggesting  a  fore  in<lication  of  the  anterior  gonapophyses.  The 
ninth  plate  abuts  closely  upon  the  base  of  the  tenth  segment.  In  the  last 
inst^r  this  plate  consists  of  two  lateral  triangular  portions  separated  by  a 
median  area  of  smooth  chitin.  The  lateral  portions  have  the  appearance 
of  separate*!  halves  of  the  sternite,  the  central  portion  being  interpolated 
between  these.  The  central  portion  is  more  or  less  deficiently  chitinised 
and  there  is  usually  to  be  made  out  on  either  side,  close  to  the 
middle  line,  a  circular  or  oval  pale  spot.  (Plate  XXXI,  fig.  9.) 
These  spots  as  will  be  seen  are  indications  of  the  gonapophyses  of  the 
niath  segment. 

In  the  male  the  eighth  plate  is  unmarked  by  any  notch.  The  ainth 
plate  is  also  entire,  but  at  its  posterior  border  and  separating  this  from 
the  tenth  segment  is  a  chitinous  complex  of  peculiar  character.  This  is 
indicated  even  in  early  instars,  but  is  most  distinctly  developed  in  the 
last  in.star  wnere  it  has  the  appearance  shown  in  Plate  XXXI,  fig.  8 
[vide  also  Plate  XXIX.  fig.  5). 

Both  in  the  male  and  in  the  female,  these  chitinous  appearances 
are,  as  will  be  seen,  the  cuticular  expression  of  early  developmental 
changes,  the  nature  and  significance  of  which  will  be  seen  later. 

Development  of  the  parts  in  the  female. 

A  complete  description  of  the  development  of  the  sexual  organs 
in  the  female  is  reserved  for  a  future  communication  by  one  of  us. 
For  the  present  it  is  only  necessary  to  refer  to  such  portions  of  the 
development  as  will  throw  light  on  the  nature  of  the  parts  we  have- 
so  far  described  in  the  adult  and  in  the  cuticle  of  the  nymph. 

Indications  of  the  future  parts  are  clearly  seen  at  the  commence- 
ment of  the  last  instar,  as  shoWn  in  Plate  XXXI,  fig.  6.  Beneath  the 
eighth  sternal  plate  of  the  nymphal  cuticle  is  the  epidermal  layer  which 
will  form  the  eighth  sternite  of  the  adult.  From  the  posterior  edge  of  this 
epidermal  forecast  of  the  future  eighth  segment  there  projects  backwards 
on  either  side  of  the  middle  line,  a  flattish  projection.  As  development 
proceeds  these  projections  gradually  assume  the  appearance  and 
character  of  the  j)rocesse8  we  liave  termed  the  anterior  gonapophyses. 

Posteriorly  to  the  eighth  sternite  the ,  epidermal  layer  that 
will  form  the  ninth  sternite  becomes  differentiated  into  a  central 
depressed  portion  and  two  lateral  raised  areas.     These  latter  lie  under 
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(and  at  the  penultimate  ecdysis  are  coterininons  with)  the  divided 
ehitinous  sternal  plate  of  the  nymph.  The  lateral  areas  become 
eventually  the  inner  raised  and  hairy  portions  of  the  plates  in  the  adult 
which  we  have  termed  the  lateral  sternal  pieces.  The  depressed  central 
oortion  of  the  ninth  sternite  (if  it  is  not  more  correctly  considered  as 
intersegmental  membrane  exposed  by  the  drawing  apart  of  the  halves 
of  the  sternite)  is  sharply  demarcated  laterally  by  the  abrupt  and  even 
overhung  edges  of  the  lateral  sternal  areas  and  is  anteriorly  continued 
deeply  under  the  overhanging  eighth  sternite  with  its  processes.  Arising 
from  this  depressed  portion,  on  either  side  of  the  middle  line,  are  early 
seen  two  flat  projections,  the  rudiments  of  the  gouapojjhyses  uf  the  ninth 
segment.  This  is  the  stage  .shown  by  the  cuticle  of  the  last  instar  nymioh, 
as  will  be  seen  by  comparing  fig.  G  with  fig.  9  iu  Plate  XXXI.  At  this 
time  the  structures  lying  posterior  to  the  ninth  segment  are  exposed  but 
later  the  hinder  edge  of  the  eighth  sternite  with  its  appendages  comes 
more  and  more  to  project  over  and  roof  them  in,  forming  at  the  same 
time  a  large  intersegmental  cavity. 

Following  the  penultimate  ecdysis  there  appears  between  the 
posterior  pair  of  gonapophyseal  processes  a  median  longitudinal  groove, 
the  rudiment  of  the  invagination  which  will  form  the  common  oviduct. 
This  groove  appears  first  as  a  narrow  furrow.  As  development  proceeds 
the  furrow  becomes  a  shallow  flat  invaginated  cavity,  which  burrows  its 
way  forwards  whilst  its  opening  at  the  same  time  widens  out.  Even- 
tually, whilst  the  invaginated  undermining  portion  reaches  the  oviductSj 
the  opening  has  become  so  extended  that  it  practically  occupies  the 
whole  of  the  dorsal  aspect  of  the  original  intersegmental  cavity  formed 
by  the  continued  gro\\th  of  the  eighth  sternite  and  its  ajjpendages.  The 
edges  of  the  furrow  have  now  been  carried  so  far  laterally  that  they  reach 
the  position  which  in  the  adult  is  marked  by  the  bases  of  the  ehitinous 
strips  on  the  gonapophyses.  These  processes,  which  we  have  seen  are 
at  first  situated  near  the  middle  line,  are  carried  by  the  widening  of  the 
oviductal  margins  far  to  the  side  ;  it  is  this  which  causes  them  to  appear 
in  the  adult  as  appendages  from  the  lateral  portions  of  the  ninth 
sternite.  We  have  already  seen  that  they  originate  as  projections  from 
the  median  depressed  area. 

As  regards  the  common  oviduct  it  is  evident  that  there  is  considerable 
complexity  in  the  composition  of  this  apparently  simple  structure  as 
seen  in  the  adult.  There  are  represented  three  separate  cavities  :  («)  the 
original  cavity  of  the  intersegmental  space  ;  {b)  the  cavity  formed  by  the 
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growth  of  the  oviductal  furrow  ;  (c)  an  upper  pouch  arising  from  (b) 
and  forming  a  Y-shaped  extension  reaching  to  the  oviducts. 
(Plate  XXXI,  figs.  7,  0',  0'    and  0,  respectively.) 

Development  of  the  parts  in  the  mole. 

Briefly  the  generative  organs  in  the  male  arc  as  follows.  Passing 
hack\vartl.<  from  the  testes  are  the  t'asa  deferevlia.  The.se  are  swollen 
towards  their  lower  ends  and  act  as  rereptaculn  seminales.  Lying 
external  to  the  lower  ends  of  the  vasa  deferentia  are  the  accessory 
glands  with  their  ducts.  At  a  level  with  the  hinder  end  of  the 
eighth  segment  the  vasa  deferentia  along  with  the  ducts  of  the  accessory 
glands  enter  a  muscular  organ  of  conspicuous  nature,  the  sacculus. 
Immediately  posterior  to  the  sacctdus  is  the  wide  short  ductus 
ejaciilatoriug.  The  arrangement  of  parts  at  the  junction  of  the 
sacculus  and  ductus  is  peculiar,  since  from  the  former  a  kind  of  jiapilla 
or  return  projects  into  the  lumen  of  the  latter.  On  the  surface  of 
this  papilla  the  four  ducts  of  the  vasa  and  accessory  glands,  respectively, 
open  simultaneously.  The  ductus  ejaculatorius,  which  has  an  obvious 
chitinous  lining  and  is  of  large  lumen,  enters,  after  a  short  course,  the 
base  of  the  phallo.some  and  comes  in  relation  with  the  parts  we  have 
already  de.scribefl. 

At  an  early  .stage  of  development  there  are  present  at  the  posterior 
border  of  the  ninth  sternite  two  bilaterally  arranged  blunt  epidermal 
outgrowths  {primitive  projections)  which  spring  from  the  dorso-anterior 
wall  of  a  .shallow  invagination  behind  the  .sternite  (genital  caritij).  The 
outgrowths  fully  occupy  this  cavity  and  project  beyond  its  rim  Plate 
XXXI,  fig.  1).  On  the  anterior  wall  of  the  genital  cavity  between  the 
bases  of  the  primitive  projections  is  a  small  pocket-shaped  invagination, 
the  first  rudiment  of  the  ejaculatory  invagination.  This  is  the  stage 
represented  by  the  cuticular  parts  of  the  la.st  nymphal  instar.  The 
cuticular  parts  of  the  last  nymphal  instar  are  shown  in  Plate  XXXI, 
fig.  8.  It  will  be  seen  by,a  comparison  of  this  figure  with  that  giving  thi' 
early  epiflermal  coadition  (Plate  XXXI,  tig.  1)  that  the  chitinous 
ntnictiire  situatwl  posteriorly  to  the  ninth  sternite  in  the  nymph,  at  first 
rather  puzzling,  really  consists  of  (a)  the  edge  of  the  genital  cavity  ;  (/<) 
the  primitive  epidermal  processes;  (r)  the  early  indications  of  the 
ejHculatory  invagination,  all  a«  they  exist  at  the  end  of  the  penultimate 
instar.  At  the  lime  of  the  penultimate  ecdysis,  however,  there  is 
considerable   lateral  expansion  and  some  flattening  of  the  parts  as 
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will  be  seeu  from  the  figures  which  are  drawn  to  the  same  scale. 
Already  at  this  stage  the  chitin  shews  some  differentiation  of  the  inner 
portions  of  the  primitive  projections. 

At  a  later  stage  there  appears  a  fissnre  which  starts  jjosteriorly  and 
dorsally  and  finally  divides  off  on  each  side  an  inner  portion  of  the 
primitive  projection  from  an  outer.  Thus  a  fold  is  developed  on  either 
side  of  the  rudimentary  ejaculatory  depression.  These  folds  ultimately 
develop  into  the  phallosome,  the  outer  portions  of  the  primitive  projec- 
tions becoming  the  appendages.  The  phallosomic  folds  at  a  later  stage 
become  a  conspicuous  median  structure  projecting  from  the  ventral 
surface  of  the  body  anterior  to  the  tenth  segment.  This  structure  is  at 
first  perfectly  symmetrical,  somewhat  spout-shaped  and  with  a  deep 
groove  along  its  whole  length  ventraUy.  This  groove  anteriorly  is 
continued  into  a  i  omparatively  large  globular  sac,  the  now  much 
enlarged  ejaculatory  invagination.  The  epidermal  projections  forming 
the  rudiments  of  the  future  appendages  lie  symmetrically  on  either 
side  of  the  rudiment  of  the  phallosome  and  are  at  first  similar  in  size 
and  shape  (Plate  XXX,  fig.  i,  tnd  Plate  XXXI,  fig.  3) 

As  development  proceeds  and  the  phallosomic  rudiment  increases 
in  size  it  comes  to  lie  somewhat  asymmetrically.  The  left  appe  dage 
also  becomes  larger  than  the  right  and  exhibits  at  its  outer  angle  a 
sharpish  projection,  the  first  indication  of  the  blade  portion  of  the  penis 
(Plate  XXXI,  figs.  4  and  5).  A  fold  is  now  present  on  either  side  of  the 
phallosome  lying  between  this  and  the  rudiments  of  the  a_  pendages. 
This  becomes  the  structuie  we  have  termed  the  basal  fold.  Later  stages 
of  development  show  the  originally  grooved  phallosomic  rudiment  as  a 
tubular  organ.  It  appeared  to  us  that  this  transformation  from  a 
grooved  to  a  tubular  structure  takes  place  by  the  blending  of  the  lips 
of  the  groove,  and  in  some  sections  there  appears  to  remain  after  closure 
of  most  of  the  groove  into  a  canal,  a  still  patent  opening  at  the  base  where 
a  depression  is  shown  in  Plate  XXXI,  fig.  5.  This,  however,  equiies 
confirmation.  The  phallosome  has  now  very  much  the  characters  of 
this  structure  in  the  adult.  It  is  of  considerable  relative  size,  however, 
and  in  this  respect  resembles  the  phallosome  as  usually  seen  in  the 
Heteroptera. 

By  the  time  the  phallosome  has  reached  this  stage,  the  appendages 
have  become  markedly  different  in  character.  The  right  appendage  is 
of  its  original  size  and  shape  ;  but  the  left  appendage  has  greatly  increased 
in  size  and  has  extended  beyond  the  border  of  the  genital  cavity  as  a 
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Vie.  1.  Di*»*ction  showing,  above  and  in  the  centre,  the  va«a  deferentia 
and  their  entrance  into  the  sacculiis.  Laterally  are  the 
dilatations  and  glandiilar  (wrtions  of  the  accessorv  lJl8lld^ 
Below  on  the  riaht  is  the  tenth  segment  with  the  extrude<i 
Cauda.  On  th«vleft  is  the  appendage.  Between  the  tenth 
segment  and  the  apj>endage  is  the  minute  phallosome  with  its 
rhitinous  basal  folds.  Between  tiie  phallosome  and  the 
saccuhis  can  be  .»een  the  transparent  d\ictu.''  ejaculatorioiis. 
The  four  ducts  in  the  sacculuscan  be  made  out. 
2.  Horizontal  section  through  caudal  extremity  of  mule  iiympli 
near  penultimate  ecdysis.  This  shows  in  the  centre  the 
primitive  ejaculatory  invagination  and  above  this,  on  either 
side,  the  rudiments  of  the  acce.^sory  glands,  et<-.  Below  on  the 
right  one  of  the  two  primitive  projections  is  cut  through 
the  section  being  somewhat  oblique  has  mis.sed  that  of  the 
opposite  side. 
\  As  in  fig.  2,  but  shortly  after  penultintate  ecdysiis.  In  the  centre  is 
seen  the  ejaculatory  invajjinatiou  and  on  either  side  of  thi.n 
is  the  fold  which  will  eventually  form  the  phallosome. 

4.  Ttansveise  .section  6f  a    later   stage    showing  formation   of  the 

scoop-like  rudiment  of  the  phallosome  and  on  either  side  m 
transverse  section  the  appendages.  The  cavity  in  which  they 
lie  is  the  genital  cavity. 

5.  Section  at  about  the  same  stage,  hut  cut    horizontally  to  show 

zlob\ilar  ejaculatory  invagination  and  plaque.  The  phallosome 
is  cut  longitudinally  through  its  lateral  lips.  A  -ection  or  two 
further  on  the  opening  to  the  ejaculatory  invagination  i^ 
reached. 
„  fi.  Section  through  the  I  -shai)ed  loop.s  forming  th<  rudiments  of  the 
van  deferens  and  acceaeory  glands.  The  ejaculatory  invagina- 
tion is  just  missed,  but  a  tew  cells  of  its  wall  lie  jnst  below  and 
between  the  bends  of  the  \oo\w.  On  the  right  the  continuation 
of  the  inner  arm  of  the  loop  into  'i"  .l.-ii.  ni.-  .'••mtal  innl  ciiii 
'be  *eea. 
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long  blude-like  organ,  on  which  can  be  clearly  seen  the  (ommencement 
of  the  formation  of  the  groove  characteristic  of  this  structure  in  the 
adult.  The  e.xtra-genit.al  portion  of  the  left  appendage  lies  at  this  stage 
upon  the  outer  surface  of  the  epidermal  layer  of  the  ainth  segment  of  the 
future  adult  iu  a  position  external  to  the  cli it inous plate  oitheuymph. 
Its  presence  causes  a  sulcus  to  be  formed  in  this  situation,  which  even- 
tually becomes  the  groove  in  which  the  so-called  penis  lies.  This  groove 
has  not  therefore,  in  its  early  stages  at  least,  any  very  direct  relation  to 
the  line  of  juncti  >n  of  tergite  and  sternite.  Where  the  appendage 
leaves  the  genital  cavity  its  preseice  causes  the  edge  of  this  cavity 
to  be  somewhat  flattened  out,  and  at  this  point  (the  left  angle  of 
the  genital  cavity  rim)  very  early  chitinisation  occurs  so  that  in  the 
newly  emerged  adult  there  is  seen  iu  this  situation  a  dark  V-shaped 
chitinisation  even  when  the  remaining  parts  are  mostly  still  soft  and 
uncoloured. 

The  further  development  of  the  ejaculatory  invagination  and  of 
the  rudiments  of  the  vasa  deferentia  and  accessory  glands  which  become 
associated  with  it  may  be  briefly  mentioned,  especially  as  this  is  of 
considerable  interest  and  demonstrates  very  clearly  the  origin  of  most  of 
the  male  genital  structures  we  have  mentioned  at  the  commencement  of 
this  section.  At  the  stage  when  the  primitive  projections  are  still 
undiflerentiated  there  are  seen,  one  on  either  side  of  the  quite  sm^ll 
ejaculatory  invagination,  the  early  common  rudiments  of  the  vasa 
deferentia  and  accessory  glands.  At  this  stage  these  are  hollow,  alm>,8t 
spherical  dilatations  at  the  terminations  of  a  tube  on  either  side  passing 
backwards  from  the  developing  testes.  These  bodies  are  quite 
independent  of  the  ejaculatory  invagination  of  the  epidermal  layer 
and  appear  not  to  be  epidermal  in  origin.  At  a  later  stage  the 
original  more  or  less  globular  vesicles  become  elongated  and  bent 
upon  themselves  forming  on  either  side  a  U-shaped  tube  with  the 
convexity  of  the  loop  directed  posteriorly.  These  tubes  lie  in  the 
eighth  segment.  The  inner  limb  of  each  is  contiiiued  as  the  delicate 
tubule  we  have  already  referred  to  (genital  cord),  and  is  evidently 
the  rudiment  of  the  vas  deferens.  The  outer  limb  forms  a  thick 
walled  sac  ending  blindly.  This  sac  early  begins  to  take  <  n  the 
form  and  characters  of  the  accessory  gland  complex.  At  this  stage 
the  vas  deferens  and  accessory  gland  of  each  side  form  parte  of  a 
single  tube,  their  cavities  being  continuous  through  the  bend  of  the 
loop. 
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The  rudiments  lie  at  a  little  distance  from  the  ejaculatory 
invagination,  which,  by  the  time  the  vas  deferens  and  accessory 
gland  portions  have  begun  to  be  differentiated,  has  become  a 
large  and  c  nsjjicuous  globular  sac,  on  the  floor  of  which  has  been 
developed  a  peculiar  thickened  cellular  plaque  (Plate  XXX,  fig.  5).  The 
lower  ends  of  the  U-shaped  loops  as  develojjment  proceeds  grow 
towards  and  finally  enter  this  plaque.  We  have  not  actually  seen 
the  loops  reach  the  surface  of  the  plaque,  but  this  no  doubt  occurs 
with  the  eventual  opening  of  their  lumen  and  the  formation  of  four 
separate  ducts.  Muscular  elements  appear  around  the  loops  as  they 
grow  towards  the  plaque  and  in  this  way  is  formed  the  muscular 
sacculus.  The  short  wide  ejaculatory  duct  is  the  original  globular 
epidermal  invagination  ;  the  velum  is  the  cellular  plaque  on  the  floor 
of  this  cavity. 

We' have  already  stated  that  the  rudiments  of  the  vasa  deferentia 
and  accessory  glands  have  no  connection  with  the  epidermal  invagina- 
tion forming  the  ejaculatory  duct,  and  that  they  arise  in  connection  with 
the  testes.  That  they  are  not  of  epidermal  origin  is  further  shown  by 
the  fact  that  in  the  adult  a  chitinous  lining  is  demonstrable  after  treat- 
ment with  caustic  potash  only  so  far  as  the  end  of  the  ductus  ejacula- 
torius.  The  observation  that  in  Ciniex  the  ducts  are  formed  entirely 
from  the  loops  themselves  without  the  aid  of  any  special  outgrowth 
is  supported  by  the  condition  in  the  adult,  there  being  in  this  case  no 
common  duct  as  in  some  insects. 

As  regards  the  development  of  the  external  genitalia  of  the 
male  in  Cimex  our  observations  therefore  show  that  the  conclusions 
originally  based  upon  comparative  studies  are  correct  and  that  the 
asymmetrical  arrangement  of  the  parts  is  a  special  adaptation  of 
the  ordinary  condition  in  theHeterojjtera.  It  is  of  interest  to  observe 
in  this  case  the  appearance  during  develoj)ment,  of  the  right  appendage, 
a  structure  which,  if  present  at  all  in  the  adult,  is  not  easily 
demonstrated. 

The  earlier  stages  in  the  development  of  the  male  organs  appears 
to  be  in  close  accord  with  the  findings  of  Zander(''),  (i**)  in  the 
Hymenoptera  and  Trichoptera  ;  and  though  the  bug,  on  account  of  the 
small  size  of  the  organs,  is  not  perhaps  the  most  suitable  form  in  which 
to  study  these  early  changes,  yet  our  observations  distinctly  sugges 
that  the  lateral  appendages  in  the  Heteroptera  are  homologous  with  the 
valvae  of  Zander. 
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h'u,'      I.     rntistruction  from  Boctions  of  epidermal  lavcr  of  iiuilt<  nviii|iii  .i 
nd  of  penultiinato  ini«tar.     Sliowini;  ■/-■■lii  i'  i  i.i!        ,,      ni., 
:  rojeotions,   oarlv   rudiment    of   ojin  u'.ai  >  •    ui   .il;i!i.im..i     mi,i 
jK^ition   of   rudiments   of   t\w   vasa   defen-ntia  ami  Ui  ■  ■ 
plands.     The    ^lolnilar    body    bolow    is   the   fpideniiiil 
segment.     (Ventral  view.1 

2.  Oonstruction  from  sections  nivinj;  pMst.Mini    \  i.nv  of  a  liitci 

The  parts  have  expanded  foUowini^  crdvsi-!  and  a  deep  -■ 
has  commenced  to  9ei)aruto  off  tlie  mediiin  portions  of  priuiiti.i- 
projei^tions      as     the      plKillosome.      Above      is     the      teiitli 
segment,  in  the  centre  the  ejaouhitor}'  invagination,  or  t  ••!  ; 
a  {rroove  which  finally  U  continued  into  this.     On  eit! 
of  the  invagination  are  the  halves  of  the  phallosoum  in 
of  formation  and  outside  those  the  porlion.s  of  the  priimii'.L 
projections  whieh  will  Keeome  the  appendages.      Below  is  the 
ftenital  cavitv  and  the  ninth  sternite. 

3.  Construction  from  sections  of  epidermal  layer  of   male  nyiupji. 

Last  instar.  Showing  further  formation  of  phallosoine  and  of 
symmetrical  lateral  appendages,  also  the  position  of  the 
eiaculatorv  inva^nation  and  the  ludiments  of  the  vasa  defer- 
entia  and  accessoiy  glands.  This  is  the  stage  shown  in  tlu- 
photograph.  (Plate  II,  fig.  4.) 
I  Con.«truction  from  sections  of  epidermal  layer  of  mule  nymph 
Last  instar.  Later  stage  than  .shown  in  tig.  :\.  Showing 
commencing  asymmetrical  development,  enlargement  of  left 
appendage,  the  growth  of  the  ojaculatory  invagination  and 
of  the  rudiments  of  the  vasa  deferentia  and  accessory  glands. 
b  Construction  from  sections  of  ejnderraal  layer  of  male  nympli 
approaching  end  of  last  instar.  The  position  of  the  loops 
approaching  the  ejaculatory  invagination  is  indieatyd. 
6.  Construction  from  sections  of  epidern\al  layer  of  female  nymph  at 
beginning  of  last  instar.  Showing  the  eighth  sternib^  with 
processes,  the  lateral  sternal  pieces  and  median  depression. 
In  the  centre  of  the  figure  are  the  posterior  gonapophyses  and 
t)«!tween  them  the  furrow  which  eventually  becomes  the 
iividuct.  Below  is  the  tenth  segment  with  a  ridge  separating: 
this  from  the  median  depressed  area. 
Construction,  from  se<;tions,  of  epidermal  layer  of  female  nymph 
approaching  final    ecdysis 

0"  intersegmental  cavity. 

0'  lower  pouch  of  oviductal  invagination. 

0  upper  pouch  of  ditto. 
Cuticular  appearances    in  the  male   nymph  at  last  instar.     The 
shaded  plate  lying  above   the  chitinous  complex  i.s  the  ninth 
sternal  plate  of  the   nymph. 

ihiilir  appearaiices  of  female  nymph  ai  laat  instar.  The 
-'  1  l-i  triangular  pl."\tes  are  the  divided  halves  of  the  ninth 
stt-rnal   plate  of    the   nvinph 
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Conclusions. 

1.  The  abdominal  segraeuts  in  the  bed-bug  have  not  so  far  been 
correctly  notated.  The  condition  in  the  nymph  and  other  cousidera- 
tions,  including  the  presence  of  a  relic  of  the  first  tergite,  the  position 
of  the  last  pair  of  spiracles  and  the  relations  of  the  segments  to  the 
genital  passages,  etc.,  show  that  the  large  apparent  first  segment  is 
the  true  second  abdominal  segment. 

2.  The  female  opening  is  behind  the  eighth  sternite.  The  processes 
arising  from  this  sternite  are  the gonapophyses  of  the  eighth  segnmU  or 
valvdlae  inferiores  of  some  authors.  The  peculiar  lobes  described  by 
Rothschild  are  the  gonapophyses  of  the  ninth  segment,  or  valvulae 
interm^diae  of  some  authors.  The  valvdlae  supt^riores  (gonapods, 
styloids)  though  seen  in  some  Heteroptera  are  absent  in  Cimex.  The 
prominences  on  either  side  of  the  genital  furrow  are  divided  h'llves  of 
the  ninth  sternite  corresponding  to  the  lattral  chitiuous  portions  of  the 
sternal  plate  in  the  last  ijxstar  nymph. 

3.  The  male  opening  is  behind  the  ninth  sternite  and  between  this 
and  the  tenth  segment.  The  hollow  in  the  iiiath  sternite  (genital 
cavity)  in  which  the  male  organs  usually  lie  in  the  Heteroptera  is 
reduced  in  Cimex  to  a  tiny  oval  pouch  enclosing  the  phallosome. 
The  phallosome  is  a  structure  that  has  so  far  been  overlooked.  It 
lies  at  the  root  of  the  so-called  penis  and  has  all  the  chief  characters  of 
the  phallosome  in  the  order  generally,  though  greatly  reduced  in  size 
and  complexity.  The  grooved  false  penis  is  one  of  the  pair  of  processes 
(lateral  appendages  of  Sharp)  present  with  a  few  exceptions  throughout 
the  whole  of  the  Heteroptera  and  higher  Homoptera.  The  groove 
in  the  appendage  does  not  function  as  a  duct,  but  as  a  shea'  h  for  the 
mesosomal  portion  of  the  phallosome  which  can  pass  along  it. 

4.  The  sex  can  be  distinguished  exteriorly  in  the  nymph,  even 
when  first  hatched  from  the  egg.  The  female  parts  are  cl  arly  indicated 
in  the  last  instar  of  the  female  nymph  and  an  asymmetrical  chitinous 
complex  is  seen  in  the  male  nymph  in  the  last  instar  behind  the  ninth 
sternal  chitinisation,  which  represents  the  stage  of  dcvulopment  reached 
by  the  epidermal  layer  at  the  end  of  the  penultimate  nyiuphal  instar. 

5.  The  so-called  penis  is  formed  by  the  development  of  or  o 
of  the  bilaterally  arranged  processes  which  arise  from  division  of  the 
primitive  projections.  The  outgrowth  becoming  the  penis  (the  left 
appendage)  continues  to  develop  whilst  that  on  the  right  eventually 
disappearB. 
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The  phallosome  is  formed  from  folds  on  either  side  of  the  early  rudi- 
ment of  the  ejaculatory  invagination  and  appears  to  be,  as  described  by 
Zander  for  the  Hymenoptera  and  Trichoptera,  formed  from  the  inner 
portions  of  the  two  primitive  projections  springing  from  the  primitive 
genital  cavity.  It  is  at  first  an  asymmetrical  organ  with  a  ventral 
groove.  The  stages  by  which  it  seemingly  becomes  a  tubular  organ 
require  further  study. 

The  vasa  deferentia  and  accessory  glands  develop  from  a  pair  of 
smallglobular  rudiments,  one  on  either  side,  which  arise  independently 
of  the  ejaculatory  invagination  of  the  epidermal  layer  and  are  terminal 
dilatations  of  tubes  which  pass  down,  one  on  either  side  from  the  testes. 
The  rudiments  elongate  and  form  on  either  side  a  U-shaped  tube.  The 
inner  limb  of  each  loop  becomes  the  vas  deferens,  the  outer  the 
accessory  gland  complex.  The  bights  of  the  loops  grow  downwards  to 
meet  the  epidermal  ejaculatory  invagination,  so  that  when  eventually 
these  open  into  this,  two  ducts  and  two  separate  organs,  the  vas 
deferens  and  the  accessory  gland,  are  formed  on  each  side.  The 
muscular  fibres  of  the  sacculus  form  round  the  bights  of  the  loops  as 
they  grow  to  meet  the  epidermal  invagination. 

The  ejaculatory  duct  is  formed  from  an  invagination  of  the 
epidermal  layer  which  forms  a  spherical  cavity  with  a  button-like 
cellular  plaque  on  its  antero-ventral  wall.  The  spherical  cavity  becomes 
the  ejaculatory  duct  of  the  adult.  The  plaque  becomes  the  velum. 
which  projects  into  the  ejaculatory  duct  and  carries  the  openings  of 
the  four  ducts  derived  from  the  bights  of  the  loops  described  above. 

(i.  The  lateral  appendages  of  the  Heteroptera,  so  far  as  can  be 
judged  from  our  observations  on  Cimex,  develop  in  the  same  manner  as 
the  valvae  of  Zander. 

REFERENCES  TO  LITERATURE. 

(1)     Landoiss,  L.  ..     Anatomie    der    Bettwanze    (Cimex    lectularius)    mit. 

Beriichsichtigung  verwandter  Hemipterenges- 
chlechten.  Zeit.  f.  wiss.  Zoologie.  Bd.  XVIII 
und    XIX.     1868-1869. 

(-)     pAiTON  and  Ckagi;        . .     Textbook  of  Medical  Entomology.  1913. 

(')  RoTiisrHiLi),  N.  C.  ..  Notes  on  tlie  stiucture  of  the  sexually  modified 
segments  of  the  Cimicidae  (CUnocoridse)  with  special 
reference  to  Clinocoris  columharivs  (Jenyns).  Noni- 
tatcs    Zoologic.v.  -  Vol.    XIX.      April    1912. 

(')     itlL'iiKAV,  C  HaV  ..     Notes    on    tlic    anatomy    of   the   Bed-bug  (Acanthia 

lectulariu  L).  I'aiasitology.  \'ol.  \11,  No.  3, 
Uctuber   I'Ji'l. 


>^.   A*.  Christophers  (Did  F.   W .  Cragc]. 


4(;.1 


(^)  lUsK,  A- 

(•)  L'BAQO,  F.    \\. 

(')  Sharp,  1). 

(»)  eowabds,  f.  \v. 

(')  Zander,  E.    . . 

(">)  Za.ndeb,  E.   .. 


Dio  Kottwannc   (Cimox  Iprtiilariiis  L.),  ilir  Irlwn  mid 

iliro     Bekiim)iltiug.     Berlin.    1017 
Further  olwervatioiis  on  tlic  rcprocliiotivc  bVKtcni   of 

Ciinex,  with    sjH'cinl    refcrfiice    to  the  lx'huvi>iiir  lA 

the    8|MTniatuzua.     Indian     Jour.    ilfd.    Hutanh, 

VoL    VIll.   No.  I,.r(ily,    l!>2t). 
Oil  the  stnicturr  of  the   terminal  seguieiitM    in    soini' 

male    Homopteni.     Trans,    of    the    Entom.    Soc.   of 

Ixjndon     1920.      Part   111. 
The  nomenclature  of  the  |>Art.s  of  the  male  h^']Nijiygiiim 

of    Diptera    Nemntoceia     with    .•ijx'rial     reference    lo 

niasqnitoes.      Annah   Trup.    Med.  and  Paraaitolugij , 

Vol.    XIV.     No.    1,    June,    1020. 
lieitriige  zur  Moi})hologie  der   miinnlichrn  Ucxchlcclilh. 

anhiinge      der      Hymenoptercii.      Zcits.       f.      witw 

Zoologie.     B<l.  LXVll.  h.  :t.     I'.tOO. 
Beitriige  ziir  Jlorjihologie  der   niiinnlichcn  CcschlcchlB- 

anhiinge  der  Trichoptetfn.     Zeits.    f.   wits.  Zoologie. 

Bd.   LXX.   h.   2.     1901. 


'MELANOTIC   GROWTHS.' 

•  RESEARCHES  ON  THE  ALTERATIONS  IN  THE 

MELANOBLASTIC  LAYER  OF  VERTEBRATES, 

TO  EXPLAIN  THE  STRUCTURE  AND 

ORIGIN  OF  THESE  GROWTHS.' 


Major  HUGH  W.  ACTON,  i.m.s., 
J'rojessor  oj  Pathology  and  Bacteriology,  School  oj 
Tropical  M  dicine  and  Hf/giene,  Calcutta. 

[Received  for  publication,  March  5,  1921.] 

Section  I. 

The  nature  and  origin  of  melanotic  tumours  has  given  rise  to  a 
wood  deal  of  discussion,  owing  to  the  fact  that  the  melanoblasts  have 
not  been  investigated  from  the  point  of  view  of  comparative  histology. 
One  is  led  to  believe  by  reading  most  histology  text-books,  that  in 
coloured  races  the  pigment  can  be  formed  by  the  columnar  epithelial 
cells.  Wilmot  Evans  (1901),  Sampson-Handley  (1908)  and  others 
consider  that  melanin  is  produced  by  specialized  cells  called 
chromatophores  or  melanoblasts.  Sufficient  evidence  was  not  brought 
forward  to  make  the  latter  view  generally  acceptable. 

The  structure  of  benign  growths  (moles)  was  little  studied,  until 
Unna  challenged  Von  Recklinghausen's  view  (1908)  on  the  endothelial 
origin  of  the  nsevoid  cells  of  soft  inolesj  Since  Unna  published  his  paper, 
controversy  has  raged  between  the  two  schools  (Whitfield  1905, 
Wiliield  Fox  1906,  Johnson  1905,  and  others).  The  literature  shows 
that  the  dual  nature  of  the  cells  in  these  growths  (i.e.,  melanoblasts  and 
angeioblasts)  was  not  sufficiently  realised.  The  nature  of  the 
malii^nant  melanomata  is  in  a  stDl  greater  state  of  confusion,  these 
growths  are  variously  regarded  as  sarcomata,  carcinomata,  or 
epitheliomata,  according  to  the  opinions  held  by  diflerent  investigators. 
(     4C-1     ) 
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In  1904, 1  commencetl  a  study  on  these  neoplasms  and  found  that 
in  moles,  two  types  of  cells  were  constantly  present,  viz.:  - 

(i)  Me!ani)l)lasts.  or  pijiment  cells  of  Deiter.     The  term  niolauoblast 
will   be  used  throughout    tliis    paper,    instead  of    chroniatophores    for 
reasons  that  will  bo  evident  later  on. 
(i»)  Angeioblasts,  or  naevoid  cells. 

From  this  fact,  I  summed  that  two  different  types  of  malignant 
neoplasm-t  could  arise  from  the  one  benign  tumour  (pigmented  mole)  : — 
{a)  A   spinille-ceiled    melanotic   sarcoma   originating    from    the 

nielanoblasts. 
(b)  An  endothelioma  from  the  angeioblasta. 
In  a  previous  paper  1905,  I  could  not  obtain  sufficient  evidence  to 
make  this  Wew  tenable  : — 

(a)  because  I  was  unable  to  account  for  the  presence  of  embryonic 
melanoblasts  and  angeioblasts  lying  side  by  side  in  these 
pigmented   moles  ; 
(6)  neither    could  I   exclude    the     possibility  of   a    pigmented 
growth  arising  from  the  columnar  cells  of  the  epidermis  ; 
(f)  nor  could  I  interpret  the  blending  of  the  colls  in  malignant 
melanomata,  when  arising  from  moles. 
At    this  incomplete    stage  my   paper  was  published.     Sir    John 
Bland  Sutton,  in  his  preface  '  On  tumours  innocent  and   malignant,' 
gives  the  gist  of  his  teaching  of  tumour  pathology  by  stating  '  whenever  it 
seemed  advisable  to  illustrate  the  nature  of  a  genus  of  tumours  by  com- 
parative pathology  I  have  not  hesitated  to  do  so.     Without  its  aid  any 
attempt  to  catch    the  deeper  meaning  of  many  tumours  is  as  difficult  aa 
endeavours  to  decipher  a  palimpsest  in  which  the  first  characters,  written 
in    an    unknown    tongue,   have  been   imperfectly    removed    from    the 
parchment  and  are  allowed  to  mingle  with  the  second  inscription.' 

With  the  aid  of  comparative  morphology,  the  entire  subject  of  this 
investigation  baceme  clear,  for  it  seemed  as  if  the  whole  story  of  the 
melanoblasts  had  been  indelibly  written  in  the  dermis  of  vertebrates. 
In  many  of  the  fishes,  amphibians,  and  reptiles,  the  melanoblasts 
still  retain  their  full  development  and  primitive  functions,  and  form  a 
more  or  less  complete  pigment  sheet.  With  the  appearance  of  dermal 
appendages,  this  sheet  becomes  associated  with  the  aj)pendage  in 
particular,  so  that  in  lower  mammalia  we  find  the  melanoblasts  chiefly 
concerned  with  the  pigmentation  of  hairs.  In  higher  anthroiKjids,  a 
gradual  loss  of  the  hairy  coat  occurs,   and  in  the  highest  anthropoid, 
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man,  we  find  the  haiiy  coat  has  almost  disappeared,  that  the 
melanoblasts  of  the  general  body  surface  are  no  longer  applied  to  the 
hair  roots  and  have  lost  their  function  of  pigmentation.  When  this 
loss  of  function  occurs,  atrophy  sets  in.  In  coloured  races  these  cells 
are  greatly  altered  in  shape  and  size,  and  are  recognized  with  difficulty, 
unless  the  changes  in  lower  animals  have  been  studied.  They  still 
retain  the  function  of  protecting  the  individual  from  the  effects  of 
solar  rays,  by  virtue  of  their  contained  pigment.  In  white  races,  on 
the  other  hand,  loss  of  function  has  gone  a  stage  further,  so  that  these 
cells,  now  unpigmented,  cannot  be  recognised  in  the  dermis,  unless 
stimulated  into  activity  by  the  sun's  rays,  e.g.,  freckles  and  bronzing  of 
the  skin.  Relics  of  the  sheet  are  still  to  be  seen  in  various  positions 
of  the  body,  e.g.,  the  choroid  and  genital  area  ;  and  appear  vestigially 
in  the  form  of  pigmented  moles.  A  study  of  the  pigment  vascular 
layer  of  amphibians  shows  the  close  connection  between  melanoblasts 
and  angeioblasts,  an  important  point  in  the  study  of  melanotic 
growths. 

In  1905,  records  were  collected  of  over  200  cases  of  malignant 
melanomata  and  emphasis  was  laid  on  the  importance  of  removing  the 
growth  with  the  whole  of  its  lymphatic  area.  In  every  case  in  which 
details  of  treatment  were  recorded,  the  growth  was  removed,  whilst 
the  permeated  lymphatics  and  glands  were  invariably  left  alone.  As 
excision  was  not  usually  performed  wide  of  the  growth,  the  permeated 
lymphatics  were  cut  across  and  their  contents  strewn  all  over  the  woimd, 
so  that  numerous  secondary  nodules  appeared  in  the  vicinity  of  the 
scar.  Mr.  Sampson-Handley  has  thoroughly  worked  out  the  mode  of 
dissemination  of  these  neoplasms  and  has  pointed  out  the  technique 
to  be  employed  in  their  removal. 

In  this  paper  I  will  give  my  views  on  the  structure  of  this 
■group  of  neoplasms,  by  treating  the  subject  in  three  sections.  The 
first  section  will  deal  with  the  Melanoblasts  giving  the  result  of  my 
studies,  on  their  structure,  development,  arrangement,  as  well  as 
their  relation  to  the  dermal  appendages.  At  the  same  time,  facts 
will  be  brought  forward  to  show  how  they  are  the  only  cells  concerned 
with  melanin  production.  The  second  section  will  deal  with  the 
origin  of  Benign  tnelnnomata  (moles)  from  suppressed  hair  fields, 
and  from  this  we  can  interpret  the  structure  of  these  growths.  The 
third  section  will  be  concerned  with  the  structure  of  malignant 
melanomata. 


PLATE  XXX  U . 


Section  of  tha  skin  of  a  shark  showing  dermic  booklets 
and  under  them  are  large  branching  malanoblasts 
which  are  diffusing  melanin  into  the  surrounding 
tissues. 


Lfl* 


Platk  XXXIII. 


A  pij^mented  mole  arising  in  contraction  with  the 
fronto-mixillary  cleft. 
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Melanoblasts. 

These  cells  in  lower  animals  (Reptiles,  Amphibians,  etc.)  are  stellate 

in  shajK'  with  long  dendritic    processes    and    deeply    pigmented    with 

melanin.     The   granules,  althougli  obscuring  the    nucleus    from   view. 

sharply  demarcate  the  cell  body  and  processes  causing  an  appearance  as 

if  theceli  had  been  stained  by  Gttlgi's  method.    The  protoplasmic  processes 

are  extremely  sensitive  to  light,  itnmediately  contracting  on  exposure 

and  concentrating  the  pigment  in  the  cell.     At  rest,  the  melanoblasts 

;8ee    Plate    XXXII)  are  seen   lying    passively    with   their  processes 

fully  extended  and  round  them  are  numerous  tiny  granules  of  melanin, 

that   are   leaving  the    cells   and  drifting    towards  the   epidermis,    to 

permeate    the    intercellular    channel.-,    between    the    columnar    cells. 

This  diffusion  of   pigment    I   wish  to  emphasise,  as  it  explains  why 

melanin  was  thought  to  be  elaborated  by    the   columnar    cells   of   the 

epidermis.     It  also    shows    how  the   cells  during  their  periods  of   rest 

elaborate   pigment    to  form  a  colour  filter  in  the  epidermis,  so  as  to 

protect  the   sensitive   dermic   structures   which  are    lying    under  it. 

Further,  it  accounts  for  the  situation  of  the  pigment  in  both  simple  and 

malignant  melauomata  ;  for,  if  diffusion  takes  place  to  any  extent,  the 

angeiobla.sts  and  plasma  cells,  owing  to  their  phagocytic  properties,  will 

certainly  contain  melanin.     We  also  learn  from  the  effects  of  light  how 

the  cells  of  internal  growths  are  deeply  pigmented.     In  these  situations 

not  only  is  their  nourishment  more  abundant,  but  the  oxidizing  effects 

of  light  are  practically  absent.     The  above  description  ap])lies  to  the 

fully  developed  melanoblasts,  but  from  a  study  of  their  embryonic  life 

(see  Plate  L)  they  arise  as  unpigmented  cells   of  the   mesoblast  and 

develop  pigment  later.    As  development  proceeds  they  become  elongated, 

fusiform  in  shape, and  their  secretion  is  recognized    by  the  production 

of  minute  yellow  granules.    Processes  in  the  shape  of  a  long  ))cnnant 

grow   out  from   either   pole  of  the  cell.     The  pigment    increases  in 

amount  and  depth,  finally  the  processes  become  dendritic  and  tiiecellB 

reach  maturity.     This  method  of  development  is  further  borne  out  by 

studying  the  spindle  cells  in  malignant   melanomata.     The  malignant 

spindle  cells  when  young  ami.  raj)idly  dividing  are  unjiigniented,  fusiform 

in  shape,  and  unbrandied.     At  this  stage,  according  to  Adanii's  view, 

their  secretion  is  in  abevance.     Soon  some  of  the  cells  become  elongated, 

bipolar  in  shape,   and  melanin  granule  are  formed  ;  in  these  oKler  cells 

I  have  ob.scrvefl  somatic  division,  indicating  a  po.'^sible  tendency  towards 

a  more  normal  meth<Ml  of  cell  division. 
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Ill  malignant  melanomata,  I  have  never  observed  development  of 
tlie  spindle  cell  to  proceed  to  its  fullest  extent,  for  even  the  most  mature 
cells  do  not  advance  further  than  the  bipolar  stage. 

Development  of  the  melanoblasts. 

The  most  convenient  situation  to  observe  the  development  of  the 
melanoblasts  is  the  hair.  In  man,  the  lanugo  hair  begins  to  form  in  the 
fifth  month  of  intra-uterine  life  as  solid  buds  from  the  rete  mucosum  and 
basal  layers  of  the  epidermis.  As  these  buds  grow  down  into  the 
mesoblast,  they  compres.s  it,  and  at  the  po'nt  of  compression,  the 
mesoblast  reacts  to  form  a  vascular  papilla.  This  papOla  invaginatea 
the  epiblast  and  prevents  any  further  inroad  into  the  mesoblast.  My 
observations  show  that  concurrently  with  this  epiblastic  invasion,  ovoid 
cells  make  their  appearance  along  the  edge  of  the  mesoblastic  papilla 
and  lie  apart  from  the  cells  of  the  invaginated  epithelial  bud.  These  are 
embryonic  melanoblasts  ;  at  first  they  have  vesicular  nuclei  indicative 
of  their  rapid  division  :  soon  the  ovoid  shape  is  lost,  the  cell  becomes 
fusiform,  processes  grow  out,  and  melanin  is  secreted. 

Synchronously  with  these  changes  in  shape,  etc.,  a  gradual 
alteration  is  seen  to  take  place  in  the  position  of  these  cells,  until 
finally  they  insinuate  themselves  between  the  cells  of  the  inner  hair 
sheath  (basal  layer  of  the  epidermis).  As  the  melanin  is  formed  and 
diffuses  into  the  intercellular  spaces,  a  pigmented  mass  is  produced, 
which  lies  next  to  the  vascular  papilla.  Any  microscopic  differentiation 
of  the  cellular  constituents  of  this  mass  is  now  no  longer  possible. 

The  same  process  was  studied  in  the  foot  p  d  of  a  kitten  embryo 
(see  Plate  L).  Here  the  melanoblasts  are  quite  distinct  and  gradually 
insinuate  themselves  between  the  columnar  cells,  but  their  structure  can 
always  be  made  out  with  ease  in  comparison  with  those  in  the  dermis 
of  coloured  races.  So  far  I  have  regarded  these  cells  as  being 
situated  only  ui  the  dermis,  so  will  have  to  explain  the  presence  of 
melanoblasts  in  the  mucous  membranes  of  the  buccal  and  genital  areas, 
and  pia-arachnoid.  This  point  may  best  be  illustrated  by  a  study  of 
sections  of  the  skin  of  amphibian  embryos,  and  for  convenience  that 
of  the  Rana  esculenta  was  chosen.  A  large,  well-developed  pigment 
layer  is  seen  lying  under  the  epiblast  and  closely  connected  with  the 
superficial  respiratory  blood  vessels.  To  this  layer  I  have  applied  the 
name  '  primitive  pigment  vascular  sheet  '  as  from  it  I  believe  that  all 
the  melanoblasts  of  the  body  are  ultimately  derived.     As  the  epiblastic 
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No   4.    "rd  objective. 


Section  through  the  body  of  a  newt. 
(I)  Showing  tlie  Pigmentation  of  the  pia-arachnoid. 
(II)  Melanoblasts  of  the  Corinm. 

(Ill)  Melanoblasts    which   have    persisted    after  being  carried   down  by  the 
neural  canal. 
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Section  thiougU  the    glans  penis  of  a  human   foetus,    showing  the  formation 

of  the  prepuce. 
Note— The  melanoblasts  around  the  epithelial  process,  and  their  concentration 

at  the  head  of  the  epithelial  bud. 
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invaginftt  ion  which  is  poiiig  Inform  tli.'  ct'iitral  nervous  svBtcni  sinks 
down  into  the  mosoblast.  it  is  •iradually  surioundeil  by  a  portion  of  the 
'primitive  pifinuMit  vascnhir  slieet.*  whic-h  pives  rise  to  the  pigmented 
pia-arachnoid  of  amphiliians  (see  Plate  XXXR*).  In  man  the  vascular 
elements  of  this  sheet  alone  jiersist.  and  form  the  endotlielial  lining 
of  the  vascular  sjvaces  of  this  membrane.  Tlie  choroid  may  be  in  the 
same  way  derived  from  the  pigmented  pia-arachnoid.  As  regards  the 
buccal  and  genital  mucous  membranes  T  found  the  same  process  of 
invagination  from  the  general  surface  to  take  place  (see  Plate  XXXV), 
and  so  the  presence  of  melanoblasts  in  these  situations  was  similarly 
explained.     Invaginations  also  occur  at  the  gillclefts  in  amphibians. 

FdNCTIONS    of   the    MEL.ANOBLASTS. 

In  fishes,  amphibians  and  reptiles  these  cells  are  highly  developed 
and  retain  their  full  functions,  vh.  : — 

(i)     Protection,  as  illustrated    by    alteration    ■-(    colour   ^vith 

surroundings,  mimicry,  etc. 
(ii)     Differentiation  of  species  according  to  the  arrangement  and 

character  of  colouration. 
(I'ti)     Differentiation  of  sex.     In  some  species,  during  the  breeding 
season,  secondary  sexual  characteristics  are  acquired  by 
the  increase  in  a  mount  of  the  pigment . 
From    my  observations  it  appears  that    as  soon  as  the  dermal 
appendages  make  their  appearance    in   the    skin,    the    melanoblasts 
become  closelv  applied  to  them  so  that  their  functions  become  almost 
identical.     The  hair  being  the  most  interesting  and  important  of  these 
dermal  appendages  and  a  characteristic  feature  of  all  mammals,  a  brief 
stndy  of  its  Phylogenv  will  throw  further  light  on  the  \-iew advanced. 

The  mailed  amphibians  (Stegocephala)  of  the  carboniferous  strata 
possefwed  a  complete  coat  of  long  scales  which  were  derived  from 
the  corium  and  over  this  was  a  covering  of  homy  scales.  On 
passing  from  aquatic  to  terrestrial  life,  the  dermic  scales  became  more 
fully  developed  and  the  bony  scales  degenerated,  this  is  seen  in  the 
fossil  reptiles  (Paleehatteria,  Homoeosaurus,  etc.),  which  are  found  in 
the  upper  Permian  strata.  As  regards  the  feathers  of  birds,  it 
is  nearly  certain  that  they  are  modifications  of  the  homy  scales, 
but  this  Ls  not  the  case  with  the  hair  of  mammals.  Maurer,  after 
extensive  researches,  showed  : — that  as  the  conical  epidermal  buds  of  the 
ekin-sense  layer  of  amj)hibian8  came  to  project  from  the  general  skin 
J,   MB  y 
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surface,  they  did  so  under  cover  of  the  horny  layer.  This  horny  layer 
in  turn  increased  in  size  by  comification,  until  the  whole  structure 
(dermal  appendage,  and  nerve  endings)  became  an  end  organ  of 
sensation,  e.g.,  tactile  hairs.  In  many  mammals,  these  hairs  are  stiH 
sensory,  e.g.,  the  tactile  hairs  on  the  muzzle  and  cheeks  of  cats  and 
dogs.  Maurer  also  pointed  out,  that  the  scales  and  cutaneous  sense 
organs  were  arranged  in  regular  longitudinal  ridges  in  the  lower 
mammalia,  whilst  the  hairs  in  higher  mammalia  were  similarly  arranged. 

A  study  of  the  eml)rya  rat,  and  other  embryos,  shows  that  hairs 
are  originally  arranged  in  regular  longitudinal  ridges,  to  which  I  have 
applied  the  name  '  primary  hair  ridges.  ' 

These  primary  hair  ridges  run  transversely  to  the  longitudinal 
axis  of  the  body  ;  and  as  growth  takes  place  those  near  the  head  and 
tail  end  tend  to  diverge  from  parallelism.  Soon  these  ridges  break  up 
into  serial  areas  '  hair  fields.'  When  this  occurs,  the  hair  fields  appear 
to  be  arranged  in  transverse,  longitudinal,  or  oblique  lines  according  to 
the  position  of  the  observer  (see  Plate  XXXVI). 

The  arrangement  of  these  ridges  explains  the  transverse  stripe 
markings  in  many  animals,  e.g.,  the  tiger  and  zebra,  whilst  evidences 
of  the  hair  fields  are  shown  in  the  spot  markings  in  some  of  the 
camivora,  e.g.,  the  leopard,  and  tlie  longitudinal  stripe  markings  in 
some  of  the  rodents,  e.g.,  the  badger  and  squirrel. 

Between  and  in  these  hair  fields,  the  small  scattered  lanugo  hair 
are  seen  arising  from  the  '  primary  hair  follicles.'  The  irregular  pig- 
mentation of  small  or  large  areas  of  primary  hair  follicles  shows  how 
mottling  or  piebald  patches  occur  in  various  mammals.  This  arrange- 
ment of  the  hair  ridges  and  fields  explains  the  mode  of  origin  of  the 
naevus  linearis  and  N.  unius  lateralis,  as  well  as  the  large  moles  so 
frequently  seen  on  the  back  and  chest.  The  close  connection  of  nerve 
areas  to  giant  nsevi  is  likewise  explained. 

Retrogression  of  melanoblasts. 
Most  of  the  animals  of  the  mammalian  kingdom  are  provided  with 
a  well-develo2Jed  hairy  coat.  In  the  higher  catarrhine  apes,  a  marked 
diminution  of  this  hairy  coat  is  seen  on  various  parts  of  the  body. 
The  particular  process  by  which  man  lost  the  greater  part  of  his  hairy 
coat,  and  in  other  parts  of  the  body  retained  or  even  augmented  it,  is, 
according  to  Darwin,  due  to  sexual  selection.  At  one  time  it  was 
disputed   whether  melanoblasts  occurred  in  the  dermis  of  man,  for  it 
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A    t>«ar  embryo  fmltmr  Haeckel).  showing  the  arrangement 
of  the  orimarv  hair  ridgea   and  hair  fleld» 
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Section  of  the  skin  of  a  Russell's  Viper,  through  a  spot  marking. 
{{otg — The  aggregation  of  the  melmoblast  iindei'  the  coriiiiu. 
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No.  4.    Eyepiece  Jth  objective. 


Melanoblasts  in  the  coiiiini  of  a  newt's  skin. 

Note— Tlieir  large  size  and  iiregular  branching  processes. 
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appoarwl  that  the  columnar  colls  luul  usurped  this  function,  and  that 
the  inehinohlasts  had  conipleti'ly  disappeared.  But  a  coni|>arativc 
morpholoijical  study  of  these  cells  shows  that ,  as  the  dermal  appendages 
nuide  their  appearance,  there  has  been  a  gradual  migration  of  the 
melanoblasts  towards  the  epidermis  and  a  retrogression  in  theif  shape, 
size  and  function,  concurrently  with  the  loss  of  hair  from  the  genemi 
surface.  To  illustrate  this  view  reference  will  be  made  to  the  following; 
vertebrates,  which  have  been  studied. 

(/)  Reptiles.  Sections  of  the  skin  were  examined  from  many  of 
the  lizards  and  snakes  found  in  this  country  and  as  a  type 
example  that  of  the  Viper  rasselli  will  be  described.  In 
the  corium  of  this  snake,  large  well-<leveloped  melanoblasts 
are  seen  lying  some  distance  away  from  the  epidermal 
scales ;  and  under  the  chain  markings,  they  are  seen 
aggregated  in  large  clumps  (see  Plate  XXXVII),  and 
often  near  the  small  blood  vessels  of  the  corium  (see 
Plate  XXXVIII).  This  may  be  regarded  as  the  first 
stage  in  their  history,  when  they  are  lying  some  distance 
from  the  epidermal  scales. 
(//)  Fishes.  In  the  skin  of  dogfish  and  shark  are  seen  large 
branching  melanoblasts.  which  contain  numerous  tiny 
granules  of  a  dirty  brown  pigment.  The.se  cells  are  situated 
at  the  base  of  the  dermic  booklets  (.see  Plate  XXXII)  and 
are  in  close  apposition  to  the  numerous  small  capillaries 
which  go  towards  the  booklets.  This  stage  in  their  hi.story 
illustrates  the  earliest  tendency  of  these  melanoblasts  to 
approximate  them.selves  to  the  dermal  appendages. 
(///)  In  amphibians  the  melanoblasts  are  closely  connected  with 
the  cutaneous-respiratory  plexus,  and  arc  large  in  size, 
fully  developed,  lying  quite  apart  from  the  epidermis  and 
extend  some  way  into  the  mesoblast.  The  epidermis  is 
often  deeply  pigmented  over  those  spots,  where  the 
melanoblasts  aggregate  in  clumps  in  the  cutis  vera.  The 
pigmentation  of  the  epidermal  cella  is  producetl  by  the 
permeation  of  free  melanin  into  the  intercellular  lymph- 
channels.  Melanoblasts  also  occur  in  the  pia-mater,  and 
buccal  mucous  membrane  of  these  animals,  and  here  again 
they  lie  in  proximity  to  blood  ves-sels.  This  close  va.sc>iliir 
connection  is  important  to  note  when  studying  the  nature 
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of    simple  and    malignant   melanomata.     In  these   three 
types   of   animals,   the   melanoblasts  are  well   developed, 
often  lie  quite  apart  from  the  epidermis,  and  are  situated 
near  blood  vessels. 
(/F)  Mammalia. 

(A)  Sections  were  made  from  the  skin  of  the  general  surface  and 
from  the  special  pigmented  regions  {e.g.,  snout  and  genitalia)  of  the  lower 
mammals.  The  latter  areas  are  almost  devoid  of  hair,  the  melanoblasts 
are  smaller,  ill  developed,  and  approach  the  epidermis  more  closely. 
Their  recognition  becomes  more  difficult  than  in  the  three  preceding 
groups.  Sections  of  the  hairy  coat  show  that  the  melanoblasts  have  for 
the  most  part  left  the  general  skin-surface  layer  and  are  solely  concerned 
with  the  pigmentation  of  the  hair  ;  when  they  are  recognised,  they  arc 
seen  to  be  closely  applied  to  the  columnar  cells  of  the  epidermis. 

(B)  Man. — The  choroid  is  the  only  situation  where  the  melano- 
blasts still  retain  their  primitive  type,  for  here  they  are  large,  branching, 
deeply  pigmented,  retain  the  power  of  contracting  to  light,  and  have 
the  close  relationship  to  the  blood  vessels.  In  the  genital  area,  they  occur 
as  scattered  fusiform  cells  containing  brownish  granules,  and  '"nsLnuate 
their  processes  between  the  columnar  cells,  so  that  their  shape  is  almost 
unrecognisable.  They  are  best  observed  during  the  height  of  sexual  life. 
The  buccal  mucous  membrane  in  man  is  as  a  rule  unpigmented,  but 
in  natives  of  India  (those  of  Dra vidian  origin)  I  have  frequently  noticed 
pigment  patches  on  the  inner  surface  of  the  cheek  and  tongue. 

In  the  epidermis  of  coloured  races,  the  columnar  cells  appear  to  be 
pigmented  (see  Hate  XXXIX).  The  appearance  is  due  to  delicate 
pigmented  processes  belonging  to  melanoblasts.  The  bodies  of  these 
melanoblasts  are  very  slender,  their  processes  very  fine  and  completely 
surround  the  columnar  cells  in  a  similar  manner  to  the  neuroglial  cells 
which  embrace  the  Purkinji  cells  of  the  cerebellum.  Owing  to  the 
difiusion  of  pigment,  there  is  a  brownish  haze  over  the  columnar  cells. 
Therefore  recognition  of  the  melanoblasts  in  coloured  races,  as  a 
separate  group  of  cells,  is  extremely  difficult,  until  one  has  studied  their 
history  and  seen  how  the  alteration  in  shape,  size,  and  situation  have 
occurred. 

I  regard  this  dermic  migration  of  the  melanoblasts  as  a  compensa- 
tory change ,  in  order  to  protect  a  large  skin  surface,  these  cells 
have  had  to  migrate  up  towards  the  epidermis,  become  thinner, 
more  elongated  and  branched.     In  white  races,  the  compensation  has 
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not   occurred   owing  to    cliiniitic    iiiul    mliiptive    conditions,    with  the 

result  that    exposure  to  strong  sunlight    is    soon  followed  by  violent 

vascular  changes,  e.g.,  sun-burns.     It  is  not  until  the  process  of  tanning 

has  been   endured  that  protection  from  the  sun's  rays  is  established, 

or,  put   in   other   words  : — In  white   races  protection  from  the  sun's 

rays  is  not   acquired  until  the  potential  nielanoblasts  are  stimulated 

into  activity,    and,    by  elaborating  melanin    form   a   yellow   filter  to 

obstruct  the  heat    rays    from    injuring   the    vessels  in   the  underlying 

dermis. 

Mel.\nin. 

As  melanin  is  such  a  characteristic  feature  of  the  melanoblasts,  it  is 
necessarv  to  note  the  following  facts,  in  order  to  eliminate  errors  that  may 
occur  from  the  presence  of  other  pigments,  m.,  blood  pigments,  etc., 
that  may  be  ingested  by  the  tissue  cells. 

Melanin  occurs  in  the  form  of  fine  irregiJar  granules  or  aoicular 
particles  varying  in  colour  from  a  golden  brown  to  an  intense  black. 
Chemically  it  contains  a  large  proportion  of  sulphur  {i.e.,  8 to  13  per 
cent),  no  iron  is  present.  The  chemical  properties  of  melanin,  and  the 
test  for  iron  are  well  known  and  will  not  be  discussed. 

Schmidt  contested  the  point  as  to  the  absence  of  iron,  and  has  shown 
that  iron-free  pigments  can  be  obtained  experimentally  from  ha?moglobin ; 
he  has  also  observed  the  presence  of  iron-containing  pigments  in  the 
cells  of  malignant  melanomata,  but  noted  that  the  bulk  of  the  pigment 
present  was  iron  free.  From  the.se  facts  he  concluded  that  melanin  was 
derived  from  blood  pigments  and  in  the  earliest  .stage  of  its  formation 
must  contain  iron.  The  iron  was  elimmated  by  cellular  activity 
from  the  chemical  composition  of  the  blood  pigment  and  so  was  trans- 
formed into  melanin.  These  neoplasms  are  very  vascular  and  as  the 
vessels  are  mere  blood  spaces,  they  readily  allow  extravasations  to  occur, 
sometimes  to  such  an  extent  that  the  bulk  of  the  colour  of  the  primary 
growths  is  largely  due  to  these  haemorrhages. 

It  Is  only  within  recent  years,  that  Sarcoma  idiopathicum  multiplex 
pigmentosum  cutis  (Kaposi's  ty])e)  has  been  separated  clinically  from 
the  melanomata,  for,  in  the  former,  the  cells  are  filled  with  blood  pigment 
and  not  melanin.  In  the  melanoblasts  of  the  dermi",  and  intho.se  that 
occur  in  moles.  I  have  never  ob.served  the  presence  of  an  iron-containing 
pigment.  In  these  situations,  the  ves.sel  walls  are  normal,  and  hence  no 
complicating  blood  extrava.sation  occurs.  In  malignant  melanomata 
a  different   state   of    affairs  exists,   and    I  have  frequently  observtd 
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iroa-coiitainiag   pigments  in  the  angeioblasts  and  plasma  cells,  and 
very  occasionally  in  the  melanoblasts. 

In  consideration  of  these  facts  I  conclude  that  any  iron-containing 
pigment  is  not  melanin  or  even  a  precursor  of  it. 

Origin  of  Melanin. 
There  can  be  little  doubt  that  the  melanoblasts  in  lower  animals 
form  melanin  in  their  cell  body  (see  the  researches  of  Erhmann,  1887,  and 
Nothnagel).  My  study,  1905,  of  the  developmental  changes  in  these  cells 
has  shown  that  the  pigment  network  between  the  colunmar  cells  consists 
really  of  the  processes  of  melanoblasts  (the  researches  of  Mr.  Sampson- 
Handley,  1908,  and  Wilmot  Evana,  1901,  confijm  this  view);  therefore  we 
undoubtedly  have  in  coloured  races  retrogressed  melanoblasts  that  form 
pigment  in  the  cell  body  just  as  in  the  case  of  lower  animals.  Sufficient 
eviden.ce  must  be  brought  forward  to  prove  that  the  columnar  ejjidermal 
cells  play  no  part  in  forming  melanin.  Karg  pointed  out  that  if 
the  skin  of  a  white  man  was  grafted  on  to  a  negro  it  became  pigmented, 
whilst  if  the  converse  was  done,  the  dark  skin  rapidly  became  depigmented. 
From  this  experiment,  we  are  led  to  believe  that  the  dermis  is  the 
seat  of  formation  of  this  pigment,  the  epithelial  layer  being  only  passively 
impregnated  from  the  dermis.  This  view  of  Karg's  is  confirmed  in  a 
study  of  the  effects  of  burns  of  the  skin  in  coloured  races.  A  patient  was 
under  my  care  in  Peshawar  suffering  from  an  extensive  burn  of  the 
third  degree  which  was  situated  on  his  back.  The  epithelium  grew 
over  the  area  some  18  inches  square,  and  for  two  months  the  scar 
remained  white,  it  then  gradually  became  pigmented  by  an  extension 
of  the  pigment  from  the  edge.  When  last  seen  (i.e.,  18  months  after 
being  discharged  from  the  hospital)  the  scar  was  still  white  in  the 
centre,  indicating  that  although  the  epithelium  had  been  fully  formed 
pigmentation  had  to  take  place  from  the  edge  of  the  scar  by  an 
ingrowth  of  the  melanoblasts.  In  burns  of  the  second  degree  on  the 
other  hand,  the  involved  area  is  lighter  in  colour,  but  in  a  short 
time  becomes  rapidly  and  evenly  pigmented,  showing  that  the  vital 
elements  have  not  been  destroyed.  Therefore.  I  conclude  that  melanin 
must  be  formed  in  the  melanoblasts  alone.  It  may  be  produced  in  the 
following  ways  : 

(1)  as  a  secretory  process,  the  result  of  cellular  activity,  or 

(2)  as  the  result  of    ingestion  of   blood  pigment  which  is  then 

converted  into  melanin. 
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The  latter  theory  can  readily  be  dismissed,  (or  we  could  not  explain 
the  depigmentation  of  the  skin  of  white  races  and  albinos  as  thev 
have  the  same  blmxl  pigments  and  vessels  as  coloured  races.  Albinism, 
on  the  other  hand,  is  e.\i)lainetl  by  the  theory  of  retrogressive  cluinges 
in  the  melanoblasts  whereby  these  cells  lose  their  function  wholly  or 
partly.  Furthermore,  if  the  protluct  ion  of  melanin  was  of  the  nature  of  a 
transformation  of  blocMl  pigment,  we  should  expect  to  find  all  gradations 
from  a  pigment-like  haemosiderin  up  to  melaoiu  ;  this  has  never  been 
demonstrated.  To  some  okservers  the  close  connection  of  melanoblasts 
to  the  blood  vessels  has  served  as  an  important  point  in  uj)holtIing  the 
\iew  that  melanin  Ls  formed  from  hii'mosiderin  or  some  allied  blood 
pigment,  but  in  manmy  .studies  show  that  many  of  the  melanobla.sts  have 
been  divorced  from  this  close  vascular  relationship,  but  still  continue  to 
form  melaiun.  Thus  we  may  reasonably  [wstulate  that  melanin  is  formed 
in  the  body  of  sj)ecific  cells  (melanoblasts)  and  is  not  derived  from  blood 
pigment.  Rossle,  Meirowsky,  and  Staffel  have  a  different  view  on  the 
origin  of  melanin,  regarding  it  as  a  derivative  from  the  nucleolar  matter  of 
the  melanoblasts,  and  look  upon  its  presence  as  a  distinct  sign  of  nuclear 
exhaustion  or  degeneration  ;  this  view  is  not  borne  out  by  a  study 
of  the  normal  melanoblasts,  for  the  mo.st  mature  virile  cells  contain  the 
largest  amount  of  ])igment.  In  the  young  melanobla.sts  of  malignant 
melanomata  where  division  is  rapid,  t  here  Ls  little  or  no  melanin,  it  is  only 
in  the  mature  cells  of  tlie.se  tumours  that  much  melanin  is  developed. 
In  other  words  it  is  not  until  secretion  is  established  that  melanin  is  seen, 
von  Firth  advanced  the  theory  that  melanin  is  formed  from  the  protcid 
molecule  of  the  cell  by  the  action  of  an  enzyme  (tyrosinase).  He  has 
further  .shown  that  an  enzyme  (tyrosinase)  is  present  in  the  ink 
sacs  of  cuttle-fish,  and  develops  the  pigment  sepia,  which  is  closely  allied 
to  melanin.  Following  von  Firth  we  may  explain  the  bronzing  of 
the  skin  in  this  disea.se  as  due  to  the  action  of  the  tyrosinase  of  the 
melanoblasts  which  converts  tyrosin  into  melanin. 

This  idea  is  further  home  out  by  the  development  of  the 
melanobla.sts  of  the  dermis,  and  in  those  of  malignant  melanomata* 
In  the  stage  of  rapid  division,  where  the  cells  are  chiefly  vegetative, 
they  contain  no  melanin,  I.e.,  Ihcsecretory  function  is  in  abeyance.  As 
growth  becomes  less  rapi(l  this  function  comes  into  play,  and  melanin 
is  formed.  Meirowsky  subjected  small  areas  of  skin  in  Europeans 
to  the  action  of  Finsen  light  and  saw  that  j.ipment  accumulated  in 
these  white  skins  more  particularly  on  the  sitle  nearest  the  liglit  j  he 
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observed  these  cells  to  send  out  processes  between  the  columnar  cells, 
and  even  into  the  cutis  and  assume  the  characteristic  melanoblastir 
type.  This  experiment  shows  that  there  exists,  in  the  dermis  of  fair 
races,  cells  which  do  not  secrete  pigment,  unless  when  stimulated 
into  activity  by  actinic  rays.  Mclanoblasts  exist  in  the  ora  serrata 
of  albino  rabbits  without  any  melanin  in  their  cell  and  body, 
showing  that  the  absence  of  pigmentation  is  due  to  a  deficiency  in 
secretion,  and  not  to  the  absence  of  these  cells. 

The  absence  of  melanin  can  be  explamed  as  due  to  an  inherited 
quality  of  the  cell  whereby  the  nucleolus  has  lost  its  secretory  power  of 
producing  tyrosinase.  I  conclude,  therefore,  in  favour  of  a  secretory 
origin  of  melanin  and  that  it  is  very  probably  formed  through  the  action 
of  an  enzyme  derived  from  the   nucleolus. 

Fate  of  Melanin. 
There  is  always  a  tendency  for  the  pigment  to  diffuse  from  its  seat 
of  production,  travel  up  towards  the  epidermis,  and  permeate  the 
intercellular  spaces  between  the  columnar  cells.  Higher  up,  that  is,  iir 
the  prickle  cell  layer,  there  is  hardly  a  trace  of  this  pigment  to  be 
seen,  indicating  that  a  change  has  taken  place  in  the  melanin.  Miura 
first  pointed  out  that  the  granules  seen  in  the  nsevoid  and  plasma  cells, 
and  even  in  the  leucocytes  of  connective  tissue,  were  altered  in  colour 
suggesting  an  oxydation  of  melanin.  The  melanin  seen  in  the 
angeioblasts  of  innocent  melano-eudotheliomata  (moles)  invariably 
appears  to  be  a  lighter  coloured  pigment,  as  if  it  was  being  transformed 
into  an  achromatic  substance.  In  rapidly  growing  moles  over- 
production of  melardn  sometimes  occurs  and  the  tissue  cells  are  unable 
to  deal  with  it  locally  ;  leucocytes  can  be  seen  carrying  melanin 
granules  to  the  lymphatic  glands.  In  malignant  melanomata,  melanin 
granules  have  been  observed  in  the  plasma  and  even  in  the  leucocytes 
of  the  circulating  blood  (Nepvin).  Sometimes  the  condition  may 
be  80  marked  so  as  to  cause  a  general  pigmentation  of  the  face 
(melanaemia)  and  to  be  excreted  by  the  urine  (melanuria).  A 
commoner  condition  is  met  with  in  the  final  stages  of  these 
malignant  growths,  the  melanin  is  partly  destroyed  and  excreted  in 
the  urme  as  an  achromatic  substance  that  turns  black  on  exposure  to 
air  or  by  reagents  as  Bromine  water,  von  Jaksch  has  given  the 
name  melanogen  (to  this  substance)  as  he  supposes  it  to  be  a  precursor 
of  melanin.     The  melanogen  on  y  appears  late  in  the  disease,  and  very 
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frequently  may  not  be  present.  Sutlicient  evidence  is  not  forthconiinn 
to  label  this  achromatic  substance  a  precursor  of  melanin.  It  may 
just  as  likely  be  a  reduction  product. 

Section  II. 

Benign  Melanomata. 

In  the  previous  section  I  pointed  out,  that  wiiencver  any  inroad  of 
epiblast  occurred  into  the  mesoblast,  it  carried  before  it,  a  portion  of  the 
'  primitive  pigment  vascular  sheet.'  In  the  development  of  the  hair 
we  saw  how  the  me.soblastic  papilla  (consisting  of  angeioblasts  and 
melanoblasts)  met  the  epidermal  bud,  and  prevented  any  further  down- 
growth  of  it  into  the  mesoblast.  Should  suppression  of  growth  of  the 
epithelial  bud  take  place,  the  mesoblastic  papilla  may  persi.st  and  give 
rise  to  a  mole.  If  this  view  is  correct,  these  moles  should  onlv  be  in 
situations  where  epidermal  downgrowths  occur. 

On  the  face,  moles  are  commonly  seen  in  the  line  of  the  various 
facial  clefts,  they  have  been  described  in  connection  with  the  Fronto- 
maxillary  cleft  (Plate  XXXIII),  and  at  the  Naso-facial  cleft,  and 
also  at  the  point  of  union  of  the  mandibular  proces.ses.  I  saw  a 
very  interesting  example  in  a  Native  of  India  of  a  mole  arising  in 
the  position  of  the  branchial  cleft.  A  narrow  strip  of  melanomatous 
tissue  Y  broad  and  1'  long  extended  from  over  the  great  cornu  of 
the  hyoid  to  below  the  angle  of  the  jaw  corresponding  in  position  to 
the  second  branchial  cleft.  The  middle  line  of  the  body  is  also  a 
common  situation,  especially  near  the  supra-sternal  notch.  When 
examining  men  for  enlistment,  I  saw  numerous  examples  of  moles 
rising  from  the  primary  mammary  ridges.  Although  these  situations 
account  for  a  large  number  of  the  melanomata  seen,  yet  their 
occurrence  on  other  parts  of  the  body  requires  further  explanation. 
Maurer  pointed  out,  how  the  hair  first  arises  in  connection  with  the 
primitive  sense  organs  of  amphibians,  and  from  this  we  see  how 
nerve  areas  or  groups  of  nerve  areas  become  associated  with 
melanomatous  patches,  e.g.,  giant  nsevi.  I  have  already  discussed, 
how  the  primitive  pigment  sheet  is  broken  up  into  longitudinal  and 
transverse  ridges,  the  suppression  of  which  accounts  for  the  N.  linearis 
and  unius  lateralis  ;  and  how  the  primary  hair  ridges  are  in  their  turn 
split  up  into  hair  fields.  If  both  the  epiblastic  and  miwblastic  ehinents 
of    these   fields    persist    it    would  account   for  the    Mclanoepitheliomu 
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(Hard  Na3vus).  If  development  proceed  slightly  further,  i.e.,  to  the 
formation  of  hair,  the  Noevus  pilaris  will  be  formed,  whilst  if 
only  the  mesoblastic  ])apilla  persists  and  atrophy  of  the  epiblastic 
downgrowth  occurs,  it  would  account  for  the  large  bald  moles  seen 
on  the  back,  abdomen,  and  chest.  The  small  moles  scattered  ove 
various  parts  of  the  body,  probably  have  their  origin  in  the  suppression 
of  the  primary  follicles  of  the  lanugo  hair.  Moles  in  any  situation  on 
the  body  can  therefore  be  explained  as  due  to  some  irregularity  in 
the  development  of  the  epiblastic  invagination.  I  will  now  proceed  to 
the  consideration  of  melan(jtic  growths. 

Innocent  Melanomata. 

The  term  signifies  any  circumscribed  pigmented  area  of  skin  or 
mucous  membrane  which  is  congenital  in  origin  and  pigmented  by 
melanin.  This  definition  wdl  include  the  following  clinical  varieties 
which  have  been  reclassified  as  the  result  of  my  histological 
findings. 

(A)  Benign  melanomata  are  pigmented  areas  of  skin,  mesoblastic 
in  origin,  and  composed  of  melanoblasts,  they  represent  the  pigment 
patches  seen  in  the  skin  of  lower  vertebrates. 

The  following  are  the  clinical  varieties  described  : — • 
(7)  M.  Solaris  (freckles). 
(//)  M.  spilus. 
(Ill)  M.  coeruleus  of  Max  Tieche. 

(B)  Benign  melano-epitheliomata  or  hard  Nsevi.  These  are  areas 
chiefly  epiblastic  in  origin,  and  composed  of  a  hypertrophy  of  the  prickle 
cell  layer,  containing  melanoblasts  in  the  corium.  I  regard  them 
as  suppressed  hair  fields,  where  the  epiblastic  element  has  mainly 
persisted. 

(C)  Benign  melano-endotheliomata.  I  previously  pointed  out  that 
should  suppression  of  the  epiblastic  downgrowlh  occur  the  elements 
of  the  reacting  mesoblast  may  also  persist,  so  that  there  is  a  mesoblastic 
papilla  consisting  of  melanoblasts  and  angeioblasts,  lying  side  by  side. 
This  congenital  anomaly  of  the  skin  is  known  as  a  pigmented  mole.  The 
following  are  the  clinical  varieties  recognised  : 

(i)  Melano-endothelioma  gigas. 
(ii)  M-endothelioma  linearis,  including  the  subvariety  M-endo- 

thelioma  unius  lateralis. 
(Hi)  M-endothelioma  mollusciformis. 


PLATE  XL 


Section  of  a  benign  melanoma  showing 
(i)     Mature  melanoblasts 
(2)     Young   melanoblasts 
(a)     Processes  and  masses  of  melanin. 


-'^/^p^ 


Hugh    W  .  Acton.  -479 

(•'(>)  M-ci)(li)tlielioiiia  iMipilloiiiatosus. 
(v)  M-eud»)thelioiua  pilaris. 
(D)  Benign  eiulothelioinata  or  imiiij^nii-nteil  .Moles.  These  have 
been  included  in  the  classitication,  as  in  my  opinion  they  have  the 
same  origin  as  the  preceding  (C),  but  difier  in  the  fact,  that  the 
luelanoblasts  have  not  developed  in  sufficient  nuiubci-s  to  ellect 
pigmentation.  The  growth  therefore  consists  solely  of  angeioblast. 
A  brief  clinical  description  of  these  innocent  nielanomata  with  an 
account  of  their  microscopic  structure  will  be  given  before  describing 
the  nature  of  their  nialigni'iit  representatives. 

(A)  Simple  melanomata. 

(I)  Freckles  are  small  circumscribed  jjatches  of  pigment,  seen  on 

the  face,  and   hands,    appearing  usually   in  the  second 

decade  of  life  and  arc  caused  by  the  stimulation  of  potential 

melanoblasts  by  the  sun's  rays.     The  number  and   depth 

of  colour  varies  inversely  with  the  amount  of  exposure  to 

sunlight,    being  most  marked  in  the  summer  inontljs,  iuul 

almost  disappearing  in  the  winter. 

(II)  Melanoma  spilus  (Plate  XLIII)  is  a  flat  area  of  pigmentation, 

occurring  on  the  trunk  and  extremities  (about  the  wrist  and 

ankles)  and  consists  of  local  aggregations  of  melanoblasts, 

probably  similar  to  the   pigment    jjatches  of  reptiles  and 

amphibians. 

(Ill)  Gunpowder  Njevus  of    .Max    Ticche  is    blue    in   colour,    likir 

the  gunpowder  tatoo  marks  or   the   pigmented    scars  of 

miners. 

The  structure  of  these  Benign  melanomata,  consist  of  melanoblasts 

only.     The  development  of  the  melanoblasts  varies  in  the  three  clinical 

forms  being  lea.st  develoj>ed  in  the  freckle,  and  most  highly  developed  in 

the  Max  Ticche  Naevus.     The  latter  has  been  carefully  investigated  and 

described  by  Dr.  Max  Tieche    and,  owing  to  Mr.    Sampson-IIandley's 

kindness,  I  was  able  to  examine  sections  sent  to  him  by  Dr.  Tieche.    The 

cells  seen  were  large,  branching  and  [K-rfectly  black  with   pigment   and 

lying  some  way  from  the  ejjidermis  reminding  one  of  the  melanoblasts 

seen  in  reptilia  (see  Plate  XL). 

(B)  Melano-cpitheliomata.  Here  the  term  Ei)ithelioma  is  used  in 
the  continental  sense  ;  they  form  congenital  localised  u]>growths  of  a 
part  or  whole  of  the  epideruiii  and  cap  a  large  vascular  i>a])illa  whidi  is 
often    pigmented.     Dermatologists    have    subdivided    these    growths 
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histologically  into  three  sub-groups,  depending  on  the  layers  of  the 
epidermis  involved,  viz.: — 

(/)  Keratoid.    Na?vus    in    which    the  stratum  corueum   alone   is 

involved. 
(ii)  Acanthoid    Nsevus   in   which   the     prickle   cells    are   chiefly 

afiected.  (See  Plate  XLI). 
{in)  Mixed  type  ol  (i)  and  (w.) 
The  Acanthoid  type  is  the  variety  usually  seen  and  this  alone 
requires  description.  The  prickle  cell  layer  is  enormously  increased, 
the  cells  are  smaller  than  normal,  and  the  intercellular  bridges  are  still 
well  marked.  Epithelial  pearl-like  masses  are  seen  scattered  on  the 
surface,  and  among  the  prickle  cells.  The  basal  layer  is  usually  indistinct, 
and  often  the  prickle  cells  appear  to  end  abruptly  in  the  mesoblast. 
Long  tongue-like  processes  of  mesoblast  extend  uito  the  papillae  and  on 
oblique  section  appear  as  round  masses  of  connective  tissue  among  the 
prickle  cells,  as  if  they  had  been  isolated  from  the  corium.  These 
papillae  are  comjaosed  of  numerous  blood  vessels  and  the  melanoblasts 
are  Ul  developed  and  lie  close  to  the  epidermis.  Melanin  pigment  is 
seen  diffusing  into  the  epidermis.  No  medullary  substance  is  visible  as 
occurs  in  cutaneous  horns.  The  hypertrophy  of  the  epidermis  associated 
w  ith  large  mesoblastic  pigmented  papillte  suggests  the  possible  origin  of 
these  naevi  from  a  primary  hair  field.  The  baldness  suggests  suppression 
of  development.  The  hypertrophy  of  the  prickle  ell  layer  shows  that 
the  epiblastic  element  of  the  hair  field  preponderates  in  this  form  of 
gro\vth. 

(C)  Benign  melano-endotheliomata. 

(i)  Giant  Nsevi  are  large  soft  moles  which  occur  on  the  lower  part 
of  the  abdomen,  buttocks,  and  thighs,  unilateral  or  bilateral, 
giving  rise  to  the  bathing  drawers  pattern,  and  corrf  spend- 
ing in  position  to  the  distribution  of  cutaneous  nerves,  or 
groups  of  nerves.  A  case  of  this  clinical  variety  of  mole 
was  seen  in  a  girl  aged  14,  who  had  a  very  extensive  mole 
of  the  scalp,  where  the  temporal  and  occipital  nerve  areas 
were  chiefly  involved. 
(m)  Linear  Naevi  are  long  strips  ^of  melanomatous  tissue  some- 
times running  the  whole  length  of  the  limb.  Their  origin  as 
I  pointed  out  is  connected  with  the  primitive  hair  ridges. 
Va  ious  other  hypotheses  have  been  put  forward,  notably 
by    von     Barensprurig,    who    suggested  that    they    may 
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be  caused   by    some  iutra-utfriiie  affection  of  the  spiiiul 

ganglia  protlucing  a  romlition  similar  in  distribution  to 

Herpes  Zoster.    Plullii»son  tliought   that    they  may  have 

some  comiection  with  Voigt's  lines.     The  subvariety  of  this 

group,  the  Nsbntis  unius  lateralis,  first  described  bv  Uiuia 

and  von  Barensprung,  is  simply  a  zosteriform  type  of  the 

above  and  can  be  regarded  as  arising  from  the  transverse 

hair  ridges  on  the  chest.     (Sec  Plate  XLII). 

(Hi)  Mollusciform   Na?vus  is  simply  a  soft  mole  in  which  librosis 

has   jccurred  at   the  base,  the  vascular  and    lymphatic 

supply  obliterated  and  caused  oedema.     Unna  found  in 

the  microscopical    examination   of    \2     ca.ses,   9  of  them 

showed  degenerated  angeioblasts. 

(t'l;)  Papillomatous     Naevi    form     a    subvariety    of    these    soft 

moles  in  which  the  epithelium   proliferates  in  a  ])apillary 

manner. 

(t))  Nsevus  pilaris  is  a  large  mole,  very  dark  in  colour,  and  covered 

with  lanugo-likc  hairs,  corresponding  to  a  jiartiully  aborted 

primary    hair  field   in   which  some  development   of  the 

primary  hair  follicles  have  taken  place 

The    histology   of  this  group  of  soft  nsevi  (benign  tumours,    see 

Plate  XLII)   requires   careful   consideration   in  order  to    explain  the 

structure  of  the  malignant  melanomata.     The  histological  structure  of 

the  various  clinical  varieties  differs  very  little  except  in  minor  j)oints, 

80  that  a  separate  description  of  each  will  be  unnecessary. 

The  epidermis  varies  considerably  in  different  moles.  The  down- 
growths  of  the  epidermis  usimlly  give  rLst  to  the  formation  of  epithelial 
pearl-like  bodies  owing  to  degenerative  changes  of  the  superficial 
layers.  Occasionally  increased  cornification  is  seen  similar  to  hard 
moles.  The  rete  Malpighi  Is  thinner  than  normal  and  frequently 
deeply  pigmented.  The  corium  is  sharply  demarcated  from  the 
epidermis,  and  the  basement  membrane  can  be  .seen.  In  the  corium, 
numerous  unpigmented  cells  are  arranged  in  parallel  columns,  or  in 
an  alveolar  manner,  lying  quite  apart  from  the  epidermis  and  supiwrted 
on  all  sides  by  the  fibrous  tissue  of  the  corium  (collagen).  The.se 
cells  are  called  na;\ii8  ceils,  but  the  term  angeiobla.sts  is  more 
appropriate  as  it  indicates  their  origin.  The  aiigiioblasfs  are  oval 
in  shape,  and  sometimes  flattened  by  pressure.  They  consist  of  a 
clear  cytoplasm  with   a   large  nucleus,   and   well    marked    nucleolus  ; 
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occasionally  a  large  cell  may  be  seen  with  3-4  nuclei,  these  angeioblasts, 
especially  those  which  are  situated  in  the  neighbourhood  of  the 
melanoblasts,  not  infrequently  contain  a  dirty  yellow  pigment ;  I 
regard  this  pigment  to  be  ingested  by  the  angeioblasts  as  the  result 
of  phagocytosis. 

Besides  these  cells  numerous  fusiform  branching  cells  are  seen 
containing  melanin.  These  melanobla.sts  are  often  so  deeply  pigmented 
that  the  nucleus  is  not  visible,  but  when  it  is,  it  presents  the  ordinary 
characters  of  a  resting  nucleus.  The  melanoblasts  lie  quite  apart,  and 
usually  along  the  periphery  of  the  columns  of  angeioblasts.  Blood 
vessels  are  few  and  poorly  developed.  During  the  growth  of  the 
mole,  the  cells  in  the  corium  multiply  and  exert  pressure  towards  the 
surface  and  sides,  with  the  result  that  the  elastin  atrophies.  The 
infiltrated  area  in  the  corium  is  inelastic,  and  is  gradually  pushed  up 
with  every  movement  of  the  body  by  tlie  contractions  of  the  elastic 
tissue  around  it.  This  jirocess  Unna  described  as  '  the  birth  of  the 
mole.' 

A.S  the  mole  grows  the  epithelium  over  it  hypertrophies,  and  is 
stretched,  causing  a  papillary  appearance,  later  on  fibrosis  may  occur 
at  the  base  and  by  its  contraction  constricts  the  vascular  supply  and 
causes  oedema. 

In  the  morphological  study  of  the  melanoblasts,  the  close  relationship 
to  the  blood  vessels  was  emphasised  and  in  the  discussion  on  the  origin  of 
moles,  I  suggested  that  the  angeioblasts  were  the  remains  of  the 
endothelium  of  blood  vessels  in  the  aborted  mesoblastic  j^apilla.  The 
origin  of  these  angeioblasts  has  been  a  disputed  point  since  1890. 
When  von  Recklinghausen  advanced  the  view  of  their  endothelial 
origin,  Unna  maintained  that  they  were  epithelial.  As  far  as  mv 
observations  go,  there  appears  to  be  no  doubt  that  von  Recklinghausen's 
view  is  the  correct  one,  but  he  has  imnecessarily  restricted  it  to  the 
endothelium  of  the  lymphatics  ,  whereas  1  have  extended  it  to  the 
general  vascular  endothelium.  In  support  of  the  view  the  following 
reasons  may  now  be  advanced  : — 

(i)  From  a  study  of  the  primitive  pigment  sheet  t-he  appearance 

of  these  angeioblasts  along  with  melanoblasts  is  accounted 

for. 
(m)  The  cells  are  very  like  endothelial  cells,  i.e.,  they  have  a 

vesicular  nucleus,    a  clear   hyali' e  protoplasm,  an  ovoid 

shape  and  are  quite  unlike  any  epithelial  prickle  cell.     I 


I'LATi:    X  1.1  II, 
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pigmented  patches  of  reptilia,  etc. 
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have  never  seen   pricklos  (inttTcolliiIur  hri.lpcs)  hot  ween 
them. 
(Hi)  The  arrangement   in  parallel  colunuis,  or  alveoli  snggestsa 
vascular  origin  (compare  emlotholiomatn).     If  this  wero 
due  to  '  ensnaring  '  as  Unna  believes  and  the  cells  moulded 
into  an  alveolar  shape  by  pressure  of  the  collagen,  we 
should  expect    to    see  a  degenerative    change,  but  this 
does  not  occur. 
Lastly,  when  the  structure  of  the  malignant    melanoniata  is   des- 
cribe<l  we  shall  see  that  endotheliomata  can  arise  from  moles  and  must 
have  their  precursors  in  endothelial  cells.     Ribbert,   whilst  admitting 
their   mesoblastic  origin,  suggested  that  the  ntevus  cells    were   voung 
chromatophores,  that  had  not  developed  pigment,     .\gainst  this  view 
the  following  points  can  be  ad  anced  : — 

(»)  A  study  of  the  comparative  histology  of  the  melanoblasts 
shows  that  they  are  specialized  connective  tissue  cells, 
and  not  derived  from  the  endothelium, 
(ti)  The  angeioblasts  never  become  fusiform,  or  branched, 
and  are  therefore  inorphologicallv  distinct  from  the 
melanoblasts. 
(hi)  Angeioblasts  may  contain  pigment  if  in  close  proximity  to 
melanoblasts,  but  the  melanin  is  always  a  muddy  colour 
as  if  it  was  being  destroyed  by  these  cells. 

f'H.xxGES  ocruRRiN'o  i\  SiMpr.F.  Mela.nom.vta. 
The  usual  sequence  of  events  in  the  life  hi.story  of  these  neoplasms 
is  that  they  increase  in  size  until  they  reach  maturity,  and  then  remain 
quiescent.  Growth  occurs  during  the  first  three  decades  of  life,  and 
again  the  moles  may  become  active  in  the  sixth  decade.  Karely  the 
following  changes  occur  in  them  : — 

(i)  Fatty  degeneration— this  is  only  observed  in  the  najvoid  cells 
of  melanoniata,  especially  in  elderly  persons,  and  proljably 
is  synchronous  with  the  general  fatty  degeneration  of 
the  vascular  endothelium  which  occur-i  in  atheromatous 
subjects, 
(n)  Molluftciform  change,  ])reviouHly  described. 
(iJY)  Malignant  change.  The  moles  that  arc  apt  to  become 
malignant  are  the  largt  dark  ones  situateci  in  |)o«itioiuj 
where  they  are  likely  to  be  irritated. 
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Wlien  this  malignant  cliange  does  take  place  it  occurs  clinically  in 
iiie  of  the  following  ways  : — 

(i)  The  quiescent  mole  may  suddenly  take  on  g^o^\'th.  From 
being  fiat,  or  verrucose,  it  becomes  papillomatous,  dark 
purple  in  colour  and  bleeds  readily  on  the  slightest  injury  : 
the  latter  sign  is  usually  the  first  manifestation  of  malig- 
nancy. The  lymphatic  glands  are  soon  noticed  to  be 
enlarged,  and  concurrently  with  this  numerous  secondary 
nodules  spring  up  round  the  primary  tumour.  In  a  few 
months  time,  general  dissemination  occurs,  and  death 
takes  place  within  18  months  of  the  first  evidence  of 
malignancy. 
(w)  The  mole  may  slowly  increase  in  size,  without  any  bleeding, 
or  ulceration  occurring,  and  the  first  thing  that  brings  the 
jjatient  to  his  medical  attendant  is  the  appearance  of 
enlarged  glands  or  numerous  secondary  deposits  in  the 
skin. 
\(iii)  There  may  be  no  change  m  the  primary  growth  until  general 
dissemination  occurs.  It  has  been  thought  that  many  of 
the  cases  reported,  as  primary  melanotic  sarcoma  of  the 
ovary,  testis,  and  liver,  ought  to  be  included  in  this  group. 
It  is  easy  to  see  how  a  single  primary  growth  which  is 
situated  on  the  back  or  posterior  surfaces  of  the  limbs 
may  be  overlooked  in  a  post  mortem  examination.  Such 
a  case  is  quoted  by  Fagge  ;  during  a  post  mortem,  a 
primary  growth  was  not  at  first  found  to  account  for  the 
general  dissemination,  but  on  more  careful  examination 
this  growth  was  discovered  in  the  anal  canal.  This 
clinical  group  is  extremely  rare,  but  it  is  as  well  to  bear 
it  in  mind.  Structures  like  the  ovary  and  testis  produce 
varied  and  complex  neoplasms.  These  organs  arise  from 
the  genital  gland  which  m  turn  is  derived  from  a  surface 
downgrowth  of  the  epiblast,  growing  through  the 
intermediate  cell  mass  to  project  into  the  ccelom.  It  is 
(juite  possible  for  primary  melanomata  to  arise  in  these 
situations.  In  an  ovarian  teratoma,  defbiite  melanoblasts 
Were  seen  lying  in  the  corium,  and  if  the}'  can  occur  in 
these  growths  there  is  no  reason  why  primary  melanomata 
may  not  also  occur, 
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(i»)  On  the  face,  Eve  has  (lescril)e«l  a  growth  which  he  has  ihuikhI 
"The  Melanotic  Ro<leut  Ulcer."  It  in  locally  iii'ilinuant 
ami  numerous  small  bli>ck  nodules  appear  round  the 
primary  growth  :  these  nodules  finally  ulcerate  and  give 
rise  to  a  rodent  ulcer,  which  is  dark  in  colour.  From  my 
interpretation  of  the  hi.stological  report  it  appears  to  be  an 
ordinary  rotlent  ulcer  occurring  in  or  near  a  mole,  which 
set  up  proliferation  of  the  melunoblasts.  Unfortunately, 
I  have  not  had  the  opportunity  of  examining  this  clinical 
group  histologically,  and  therefore  can  only  include  it 
provisionally. 

Section  III.'" 
Siiuation  and  origin  of  MalignnnI  Melanomala. 
{A]  From  structures  derived  from  the  primitive  pigmented  i>ia- 
arachnoid. 

(rt)  The  uveal  tract  of  the  eye.  The  distribution  here  is  curious 
as  the}-  are  ten  times  more  common  in  the  choroid  proper 
than  in  the  ciliary  body  and  are  exceedingly  rare  in  the 
iris.'  Thev  occur  commonly  between  the  ages  of  40-GO 
and  are  rare  in  children,  in  whom  gliomas  are  the  comnxm 
tumours  met  with. 
(6)  The     spinal     pia-arachnoid.      A     case     was    reported     by 

Hirschberg.2 
(c)  Ogle3  also  reported  a  case  of  a  Melano-sarcoma  arising  in 
the  region   of  the   pineal   gland.     A  pigmented  tumour 
arising  in    this    region,    at    once  suggests  the  possibility 
of  its  origin  from  the  third  eye,  as  seen  in  the  Hatteria 
punctata. 
(B)  From    invaginations    of     the    primitive    pigmented    vascular 
sheet  by  surface  downgrowths. 

(a)  At  the  Proctodeum.  In  man  these  tumours  are  occasionally 
seen  around  the  anus  and  more  rarely  on  the  penis.^ 
In  women,  they  occur  on  the  special  parts  of  the  vulva, 
riz.,  Mons  veneris.  Labia  majora  and  Perineum. 
Pigmentation  of  the  vagina  and  cervix  is  often  seen  in 
Indian  women,  although,  as  far  as  I  am  aware,  no  cases  of 
melanoti'  sarcoma  have  been  recorded,  as  growing  from 
this  situation. 
J,  MR  <J 
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{b)  At  the  Stomatodeuni.     Sir  Frederick   Treves'"   describes   a 
case  growing  from  the  hard  palate. 

(c)  At  the  primary  mammary  ridge.  A  few  cases   have    been 

observed  arising  iu  the  nipple  or  accessory  nipples. 

(d)  Very  rarely  in  connection  with  the  ovary  and  testes. 

Out  of  thirty-four  cases  examined,  24  from  the  choroid,  3  from  the 
anus,  2  f rom  the  viilva ,  1  from  the  penis,  and  four  cases  from  the 
anal  region  of  horses,  all  contained  spindle-celled  melanotic 
sarcomata. 

(C)  From  remains  of  this  sheet,  viz.,  pigmented  patches,  moles,  etc. 

(a)  From  moles.     Moles  have  previously  been  seen  to  occur  as 

simple  pigmented  jjatches  (simple  melanoma)  or  aborted 

mesoblastic        papillis        (Melano-endotheliomata).      A 

difference  of  opinion  occurs  regarding  their  structure.    Out 

of  29  growths  arising  from  moles  examined  histologically, 

9  I  regarded  as  spindle-celled  sarcomas  ;  one  as  a  mixed 

growth,  partly  a    peritheloma  and    partly   sjjindle-celled 

sarcoma  ;  one  from  a  soft  mole  as  a  pure  endothelioma  ; 

the  remaining    18  as    a  mixed  type  of  growth  (Melano- 

endothelioma  maligna). 

(6)  From  stimulation  or  implantation  of  potential  melanoblasts 

of  the  dermis. 

(«')  Xeroderma  pigmentosa.*     In  this    skin   disease    there  are 

formed  in  the  first  or  second  years  of  life,  rarely  later, 

numerous  small  spots  which  grow  paler  in  winter  and 

darker  and  larger  in  summer.     In  a  case  recorded  by 

Elsenberg ''  the  infant  was  six  months  of  age  and  any 

exposure  to  the  sun  was  at  once  followed  by  an  eruption 

of  small  erythematous  patches  on  the  face,  neck  and 

hands ;    these  soon  developed  into  freckles  and  then 

followed  the  ordinary  course  of  the  disease.    The  freckles 

occur  chiefly  on  the  face,  and  between  them  Ln  a  smaller 

and  more  scattered  arrangement  are  tiny,  spotted  and 

striated  telangiectases.     From  some  of  these    freckles, 

large  brown  or  black  raised   tumours  arise,  and  this 

event  marks  the  entrance   of    the  disease  on  a    more 

formidable  phase  of  its   history,   and   may  practically 

be  called  the  patient's  death  warrant.     The  histological 

nature  of  these  tumours  appears  to  be  very  doubtful. 
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Gussenbauer*  has  described  the  malignant  phase  as 
V.  Melaiio-sarciinia  alvecihire,  and  Taylor  has  described 
it  as  a  Sarcoma  tclcnnjiiectoides.  Wc  find  in  tlie  skin 
of  the  jiatients  all  the  transitions  from  ])ipmented  spots 
(freckles)  to  Melano-endotheliomata.  and  the  clinical 
connection  corresponds  to  the  histological  findings  in 
this  group  of  neoplasm.  Indeed,  we  find  every  variety 
of  melanotic  neoplasm  froia  pigment  spots(nielanoblasts 
and  blood  vessels)  and  pigmented  warts  (Benign  ineluno- 
endotheliomata)  up  to  malignant  Melano-endothelioma 
(Melanotic sarcoma).  Between  them  all,  there  is  merely  a 
quant  it  ive  difference  in  structure  and  ra|)idit  v  of  growth. 
(I'l)  Melanotic  whitlow  begins  in  or  around  the  nail  bed.  The 
inclusion  of  melanoblasts  in  this  region  can  be  explained 
by  briefly  re\-iewing  the  development  of  the  ixail  bed. 
The  nails  ap|)ear  in  the  thinl  month  •>f  iutra-uterine  life 
as  fields  of  thickened  epiblast  on  the  ends  of  the  digits, 
and  are  slowly  shifted  back  dorsally  carrying  with  them 
their  palmar  nerves.  At  the  same  time  lateral  curving 
of  the  nail  occurs  and  the  persist enc(?  of  the  i)igment  in 
this  region  is  shown  iu  many  of  the  simians.  Sir  .John 
Bland  Sutton^  and  .Jonathan  Hutchinson'**  have  called 
attention  to  this  group  of  melanotic  growths.  In  10 
cases  collected,  7  occurred  in  females,  the  average  age  of 
the  patients  being  49  years.  As  regards  the  situation,  5 
occurred  on  the  inner  side  of  the  grcAt  toe.  This  situation 
is  one  which  is  subjected  to  a  good  cleal  of  irritation  by 
pressure  of  boots.  Of  the  remaining  five  cases,  :i 
occurred  on  the  index  fingers  in  women  ;  the  site 
suggests  causation  through  needle  pricks  in  sewing. 
A  typical  case  of  these  melanotic  whitlows  was  reported 
by  Bowlby  in  the  Transactions  of  the  I'athological 
Society.  A  woman,  aged  55,  had  for  two  years  noticed 
a  Hmall  black  patch  like  a  cauetic  stain  on  the  inner 
aide  of  the  great  toe  nail.  This  grew  larger  until  the 
whole  nail  was  black,  the  growth  then  raised  up  the 
nail,  which  fell  ofl  leaving  a  dark  coloure<l  ulcer  with  a 
g«Mul  «Ual  of  pigmentation  around.  The  ulcer  iiivu<le<l 
the  pulp  of  the  toe  and  the  underlying  bone.     The  toe 
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was  amputated,  and  some  time  after  the  femoral 
glands  were  noticed  to  be  enlarged.  The  woman  died 
two  years  after  the  operation, 
(m)  Cases  have  been  recorded  by  Eve^'  and  Morris  ^-  in 
which  melanomata  have  arisen  in  the  skin  from 
punctured  wounds.  Galloway'^  has  recorded  a  case 
which  arose  on  the  heel  from  the  irritation  caused  by  a 
blister,  althougli  there  was  no  history  of  a  previous  mole 
in  this  situation.  Lately  I  have  had  sent  to  me  for 
examination  a  melanoma,  which  grew  under  a  corn, 
and  was  probably  stimulated  into  activity  by  pressure. 
{See  Plate  XL.) 

Structure  of  Mel.\notic  Malignant  Growths. 

The  melanomata  that  arose  from  the  situations  given  under  (A)  and 
(B)  as  well  as  those  arising  from  the  simple  pigmented  patches  (Benign 
Melanoma)  were  of  the  nature  of  a  'Spindle-celled  Sarcoma.'  (See 
Plate  XLIV.)  The  reason  may  be  that  the  melanoblasts  in  these 
situations  are  vestigial  cells  and  that  the  angeioblasts  are  normally 
developed  to  form  blood  vessels. 

Li  the  embryological  study  of  the  melanoblasts,  I  pointed  out 
how  the  gradual  development  of  these  cells  occurs,  at  first  they 
are  fusiform,  unpigmented  cells,  gradually  assume  their  typical  shape 
and  pigmentation.  The  same  occurs  in  the  cells  of  a  melanotic 
sarcoma,  the  young  cells  are  at  first  ovoid,  or  fusiform  in  shape,  with 
a  well-marked,  ovoid,  vesicular  nucleus,  and  nucleolus.  During  this 
phase  of  development,  little  or  no  pigment  is  seen,  and  the  cells 
often  divide  by  a  hypochromatic  mitosis.  Later  on  they  become  bipolar 
in  shape  (light  brown  pigment  granules)  and  make  their  appearance. 
These  granules  increase  in  number,  and  in  depth  of  colour,  until 
the  cell  is  one  black  mass  of  pigment.  In  this  stage,  the  cells  may 
be  seen  undergoing  somatic  division.  The  malignant  cells  never 
assume  the  mature  type  of  a  normal  melanoblast  as  seen  in  reptilia  ; 
for  the  oldest  cells,  although  ink  black,  still  retain  their  bipolar  shape. 
As  regards  the  situation  of  melanin  in  these  neoplasms,  it  is  important 
to  bear  in  mind  that  they  can  e.xtrude  their  pigment,  which  is  taken 
up  by  the  phagocytic  cells  around  the  growth,  viz.  —leucocytes 
and  the  plasma  cells,  as"  well  asby  angeioblasts  in  mi.xed  types  of 
growth. 


PLATE  XLIV. 


SecUort  or    s   spindl«-ceiled  melanotic  sarcoma 
of  the  choroid. 


i 


:-\. 


Ill    Spindle  cell*  unpigmffnted. 
(  3  )  Spindle  cells  cut  trantvartely. 


(2)  Older  melanoblasls 

(♦)  Embryonic  blood  sporei 
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The  dense  black  colour  of  the  internal  secomlary  growths  may  be 
explained  by  their  largo  blootl  supply  when  situated  in  organs  like  the 
liver  and  also  by  the  fact  that  light  does  not  affect  them.  Superficial 
growths  are  often  lighter  in  colour,  and  owing  to  iheir  defective  blood 
supplv,  fatty  or  myxomatous  degeneration  may  occur,  whilst  the 
number  of  well-developed  melanoblasts  are  fewer  than  those  seen  in 
the  deep-seated  secondary  deposits.  The  nuclei  of  the  tumour  cells 
are  also  worthy  of  attention  as  they  sometimes  exhibit  a  curious 
tyjie  of  vacuolation.  These  vacuoles  may  be  single,  double,  or  rosette 
shaped.  They  are  most  frequently  observed  in  the  superficial 
]iapillomatous  growths,  and  gradually  increase  in  size  until  all  that 
is  left  of  the  nucleus  is  a  ghostlike-structure,  the  chromatin  staining 
very  faintly  round  the  edges.  I  am  inclined  to  the  view  that  tliese 
vacuoles  are  the  result  of  a  mucoid  degeneration  of  the  nucleus. 
The  malignant  melanotic  growths  are  almost  wholly  cellular  in 
character  with  very  little  stroma.  Numerous  embryonic  blood  clefts 
are  seen  at  the  periphery  of  the  growth.  Slight  cellular  infiltration  is 
observed,  and  I  have  often  noticed  that  the  plasma  cells  near  the 
tumour  contain  melanin  in  a  partly  broken  down  state.  A  brief 
clinical  and  microscopical  description  of  two  unique  cases,  which 
I  had  the  gootl  fortune  to  see  at  Middlesex  hospital,  will  not  only 
assist  in  the  description  of  the  Melano-endothcliomata,  but  will 
al&o  show  how  the  cells  which  are  seen  in  neoplasms  take  their 
origin. 

The  first  case  was  one  which  came  up  to  the  out-patient 
department  at  the  Middlesex  hospital,  and  am  indebted  to  Mr.  Kellock 
for  being  allowed  to  publish  it.  The  patient  was  a  man  of  47.  Six 
months  previously  he  had  a  soft,  white  mole  excised  from  his  right 
axilla,  as  it  was  rapidly  increasing  in  size  and  bleeding.  When  he  was 
exaniineil,  numerous  slightly  pigmented  growths  were  seen  in  the  right 
axilla,  and  enlarged  glands  could  also  be  felt.  As  he  was  complaining 
of  pain  in  the  chest  and  had  a  cough,  he  was  examined  and  the  signs 
of  a  thickened  pleura  were  found.  The  patient  was  admitted  into 
hrtspital  and  died  soon  after  admission.  At  the  autopsy,  the  whole  of 
the  right  pleura,  both  parietal  and  visceral  surfaces,  were  covereil  with 
un pigmented  nwlules. 

The  under  surface  of  the  diaphragm  and  the  opposing  surface  of  the 
liver  were  similaHy  involved  and  numerous  white  growths  were  seen  on 
■ection  of  the  liver. 
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Microscopical  examination  of  the  cutaneous  growths  (see  Plate 
XLV)  showed  that  the  ceils  forming  the  growth  were  arranged  in 
alvooli,  and  ])ol3'gonal  in  shape  with  a  clear  reticulated  protoplasm. 
Their  size  varied,  some  being  large  with  3  or  4  nuclei  ('  plasniodia  or 
giant  cells  '  Sims  Woodhead).  The  nuclei  were  large  and  distinctly 
circular,  compare  Melano-sarcoma,  and  contained  well-marked  nucleoli. 
Mitotic  figures  were  frequently  observed  and  chiefly  of  the  hypochromatic 
type.  Between  the  alveoli,  the  stroma  was  very  thin,  consisting  of  white 
fibres  and  in  it  a  few  scattered  pigment  cells  were  seen.  As  the 
extravasations  in  the  growth  were  numerous,  the  iron  reaction  was  tried 
and  only  the  plasma  cells  in  the  neighbourhood  of  these  blood  effusions 
were  found  to  contain  iron.  A  few  melanoblasts  were  seen  containing 
pigment  and  did  not  contain  iron.  In  the  secondary  growths  from  the 
pleura  and  liver  (see  Plate  XLVI)  the  alveoli  were  smaller  and  densely 
packed  with  the  above  endothelial  cells  ;  the  fibrous  stroma  was  more 
marked  and  contained  elastin  ;  no  pigment  or  melanoblasts  were  seen 
in  these  growths. 

This  case  I  regard  as  an  endothelioma,  arising  from  a  soft,  uningmented 
mole,  a  form  of  growth  which  we  previously  saw  contained  only  nsevoid 
cells.  Melanoblasts,  which  are  usually  absent  from  unpigmented  moles, 
were  present  in  this  case,  but  had  not  shared  in  the  malignant  change 
as  shown  by  the  secondary  growths.  They  had  proliferated  locally 
as  the  result  of  the  vascularity  and  irritation,  and  were  all  well 
developed.  The  second  case  was  under  the  care  of  Sir  Alfred  Pearce 
Gould.  The  patient  was  an  elderly  man,  who  had  a  large  growth,  the 
size  of  a  tangerine  orange,  growing  from  the  right  thigh.  It  was  papillo- 
matous in  nature,  had  a  pedicle  one  inch  in  circumference,  and  was 
almost  divided  into  two  parts  by  a  cleft  ;  the  larger  half  was  jet  black  in 
colour,  whilst  the  smaller  was  white.  Sections  were  made  from  each 
half  of  the  growth.  In  the  light  area  numerous  blood  spaces  were  seen 
and  around  them  a  number  of  endothelial  cells.  The  angeioblasts  were 
many  layers  deep  and  cylindrically  massed  (see  Plate  XLVII) .  Between 
these  masses  a  few  scattered,  well-developed  melanoblasts  were  to  be 
seen.  On  approaching  the  dark  area  of  the  section,  the  blood  sinuses 
became  fewer  in  number  and  the  (cells)  endotheliomatous  were 
arranged  in  layers  of  i  to  10  deep  around  the  blood  spaces.  The 
melanoblasts  predominated  in  this  area,  especially  towards  the 
periphery  of  the  growth,  and  were  bipolar  in  shape.  Sometimes 
processes  were   observed    and   the   cells   were    entirely    obscured    by 
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Microscot'ical    section  of  llie  cutaneous  gio*lli 
from  Mr.  Kel lock's  ca.se. 
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8*ctlon  of  a    tecontjary   growth  from  Mr-   Kellock't  cat* 
showing  tlic  endoHieliomatout  nature 
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I'LATE    XIAII. 


No.  4.   ;th  objective. 


Section  tlnougli  tlie  ceiitie  of  tlie  growth  fioin   Mr.  Gould's  case. 
(I)  An  Enfiothelial  mass. 
(II)  Numerous  mature  melanoblast.s. 
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inelaiiiii.     Niuiu'rous    y<»i"K    iiu'lanoljUsts    were    foimd    towards    tho 
centre  of  the  gn)wth. 

Here  was  a  growth  arising  from  a  mole  (Benign  Melano-endothe- 
lioma)  one  half  of  which  was  peritheliomatous  in  nature  (in  white  area) 
and  the  other  half  a  Melano-sarcoma  (in  the  black  area).  Now  in  a 
mole,  there  are  two  kinds  of  vestigial  or  aborted  cells,  lying  side  bv 
side,  and  if  subjected  to  the  same  influence  acting  on  both  kinds  of 
cells,  may  cause  a  mixed  type  of  growth  (Melaiio-endothelioma).  The 
Melano-sarcomatous  element  would  arise  from  the  melanoblast,  and 
the  endotheliomatous  from  the  angeioblast  or  naevoid  cell.  Therefore, 
this  groNvth,  a  rare  one,  is  interesting  in  the  support  which  it  gives 
to  the  views  expressed  in  this  paper.  Mr.  Sampson-Handley,  in  his 
Hunterian  lecture,  gave  photographs  of  the  light  and  dark  areas  of  this 
same  tumour,  and  explained  it  as  being  due  to  a  malignant 
degeneration  of  the  jjerivascular  tissue  of  a  cavernous  uasvus.  (See 
Plate  XLVII.) 

In  the  mi.ted  types  of  growths  (Malignant  Melano-endotheliomata) 
arising  from  moles  it  is  difficult  to  identify  the  cells  of  the  growth, 
without  a  previous  study  of  the  benign  types,  i.e.,  moles.  Not  only  do 
the  two  types  of  cells  intermingle  with  each  other  so  that  the  typical 
alveolar  arrangement  of  the  endothelioma,  and  the  whorl-like  arrange- 
ment of  the  Melanotic-sarcoma  is  lost,  but  there  is  also  the  difficulty 
that  the  angeioblasts  if  situated  in  the  area  of  diffusion  take  up 
pigment  granules.  If  a  section  of  the  primary  growth  of  these 
malignant  melano-endotheliomata  is  studied  it  will  be  found  to 
con.sLst  of  one  confu.sed  mass  of  cells,  ui  .some  parts  pigmented,  in  other 
parts  scarcely  pigmented  at  all.  On  careful  examination,  the  mass  of 
cells  ia  found  to  consist  of  melanobla.sts  and  angeioblasts  proliferating 
side  by  side.  In  the  recognition  of  these  two  types  of  cells  the  follow- 
ing points  were  relied  upon,  viz.,  the  endothelial  cells  are  larger,  rounded 
or  polygonal  in  shape  with  a  circular  nucleus  ;  whilst  the  melanoblasts 
are  smaller,  ovoid  or  fusiform  in  shape,  with  a  distinct  ovoid  nucleus  and 
dark  staining  chromatin.  The  angeiobla.sts,  though  normally  devoid 
of  pigment,  yet,  when  situated  in  the  neighbourhood  of  melanoblasts, 
may  contain  a  few  pale  yellow  granules  that  have  been  ingested  and 
broken  up  into  some  achromatic  sub.stance.  The  older  melanoblastic 
cells  are  easily  recognized  as  they  are  ink  black  in  colour,  bipolar 
in  shape  and  sometimes  under  a  high  power  are  seen  to  have  long 
procesaes. 
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Secondary  internal  growths  present  a  different  structure  from 
the  original  in  so  far  as  they  invariably  show  but  one  type  of  component 
cell,  constituting  a  pure  Melanotic  sarcoma  or  a  pure  endothelioma. 
This  peculiarity  of  the  secondary  growths  is  readily  explained  by  studying 
the  mode  of  spread.  The  endothelial  cells  almost  entirely  extend  by 
lymphatic  permeation,  and  glandular  infection,  so  in  this  respect 
behave  more  like  a  carcinoma.  The  melauoblasts,  in  addition  to 
lymphatic  permeation,  quickly  invade  the  blood  vessels,  especially  the 
veins,  and  the  cells  are  scattered  broadcast  by  the  blood  stream.  Thus, 
in  mixed  types  of  growths,  death  occurs  long  before  the  endothelial  cells 
have  had  time  to  travel  far  by  the  slower  method  of  permeation.  The 
life  of  a  patient  is  only  about  18  months  with  a  Melanotic  sarcoma, 
as  contrasted  with  3-5  years  with  an  endothelioma.  Therefore, 
in  the  mixed  type  of  growths  practically  all  the  internal  growths 
are  melano-sarcomatous,  owing  to  the  fact  that  venous  embolism  plays  a 
large  part  in  the  dissemination,  whilst  the  glandular  and  subcutaneous 
growths  (see  Plates  XLVIII  and  XLIX)  are  often  endotheliomatous 
in  nature,  owing  to  spread  by  permeation.  So  it  does  not  follow 
because  internal  growths  are  purely  sarcomatous,  the  original  growth 
may  not  have  been  of  a  mixed  type.  It  must  further  be  remembered 
that  a  light  coloured  growth  is  not  necessarily  an  endothelioma,  as  it 
may  consist  of  melauoblasts  in  an  embyronic  state  or  undergoing  fatty 
degeneration. 

Conclusions. 

(i)  Melanoblasts  are  irregular  branching  cells,  mesoblastic  in  origin, 
and  are  the  only  cells  in  the  body  concerned  with  the  production  of  the 
pigment  melanin. 

(ii)  Melanin  is  an  iron-free  pigment  formed  by  the  action  of  an 
enzyme  tyrosinase,  which  ferment  is  elaborated  by  the  nucleoli  of  the 
melanoblasts. 

(iii)  In  lower  animals,  the  melanoblasts  form  a  large  continuous 
sheet  under  the  skin  surface  layer,  the  primitive  pigment  sheet  which  is 
in  close  relationship  to  the  angeioblasts  of  the  cutaneous  respiratory 
capillaries. 

(iv)  Whenever  any  surface  downgrowth  of  the  epiblast  occurs,  it 
carries  before  it  a  portion  of  the  primitive  pigment  vascular  sheet 
thus  explaining  the  pigmented  pia-arachnoid  of  amphibians,  and  the 
pigmentation  and  vascularity  of  structures  formed  from  the  stomatodeum 
and  proctodeum. 
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Section  of   a   lymphatic    gland   tecondanr  to    ■    melano- 

endothelioma  arising  in  a  mole- 

III  Endothelial  cell*  contain*  phagocytoscd  pigment- 

12)  Melanoblast*.     ( J )  Vacolation   of    the   nuclei    of    the 

endothelial  cell*.  (•>-)  Embryonic  blood  cleft- 

(5)  Melanin  granule*  free. 
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(r)  There  is  evidence  that  the  inelanoblasts  in  early  life  have 
amoeboid  movement,  and  move  from  one  site  to  another,  e.g.,  the 
pigmentation  of  the  peritoneum,  etc.,  of  amphibians. 

(I'l)  On  the  appearance  of  the  dermal  appendages,  e.g.,  hooklet.", 
hairs,  etc.,  the  melanoblasts  become  closely  applied  to  them,  and 
their  function  is  largely  concerned  with  the  pigmentation  of  these 
appendages. 

(uii)  When  hair  is  formed,  the  primitive  pigment  sheet  is  broken 
up  into  longitudinal  areas  by  the  primary  hair  ridges,  and  then  broken  up 
transversely  into  smaller  areas  by  the  hair  fields  thus  accounting  for 
the  stripe  and  spot  markings  of  many  of  the  carnivora.  In  and  between 
these  hair  fields,  the  hair  follicles  of  the  lanugo  make  their  appearance, 
and  the  melanoblasts  apply  themselves  to  these  hair  papilla;. 

{viii)  In  higher  mammals,  the  hairy  coat  diminishes.  In  man  the 
hairy  coat  is  almost  suppressed,  with  the  result  that  the  melanoblasts 
are  no  longer  concerned  with  the  pigmentation  "of  hairs,  and  tend  to 
retrogress,  so  that  in  white  races  they  can  no  longer  be  identified 
microscopically. 

(ix)  In  coloured  races,  the  melanoblasts  migrate  towards  the  base- 
ment membrane,  and  become  thin,  elongated  and  dendritic  in  order  to 
protect  the  large  skin  siyface  area  from  actinic  rays. 

(x)  That  melanoblasts  exist  in  the  dermis  of  white  races  can  be 
proved  by  stimulating  them  by  actinic  rays,  e.g.,  bronzijig  and 
freckling. 

{xi)  Albinism  is  not  due  to  any  absence  of  melanoblasts,  but  to  a 
congenital  anomaly  in  the  .secretion  of  tyrosinase,  so  that,  although  the 
pigment  cells  are  present,  no  melanin  is  formed  unless  the  melanoblasts 
are  stimulated  into  activity,  e.g.,  freckling  in  albinism. 

(Zi'i)  A  pigmented  mole  is  therefore  produced  in  one  of  the  lollowing 
ways  :  — 

(1)  Benign  melanomata  consist  of  an  aggregation  of  melanobla.stB 

under  the  dermis,  and  morphologically  represent  a 
portion  of  the  primitive  pigment  sheet  of  amphibians, 
etc. 

(2)  Benign    melano-epitheliomata    consist    of    a    papillomatous 

mass  of  epidermal  cells  pigmented  by  melanoblasts,  and 
morphologically  represent  a  suppressed  hair  field,  or 
hair  area,  in  which  the  cpiblastic  element  has  largely 
persisted. 
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(3)  Benign  melano-endothelioma  consist  of  an  aggregation  of 
melanoblasts,  and  angeioblasts,  morphologically  repre- 
senting the  mesoblastic  elements  of  the  hair  papilla;  in 
which  the  epiblastic  downgrowth  has  almost  wholly  or 
entirely  atrojjhied. 
(4)  Benign  endothelioma  consist  of  an  aggregation  of 
angeioblasts,  and  morphologically  represents  a  suppressed 
mesoblastic  papillae  in  which  the  vascular  element  alone 
remains. 
{xiii)  The  malignant  growths  are  derived  in  a  similar  manner. 

(1)  Those    arising  from  the  melanoblasts  only  are  of  the  nature 

of  spindle-celled  melano-sarcomata. 

(2)  Whilst  those  arising  from  moles  (Benign  melano-endothelioma) 

are   necessarily    of    the    nature    of    malignant    melano- 
endotheliomata    and    contain     both    angeioblasts     and 
melanoblasts.     One  or  other  of  these  cells  may  predomi- 
nate in  the  primary  or  secondary  growths. 
[xiv)  The  mode  of  dissemination  confirms  the  above  view.     The 
melanotic  sarcoma  rapidly  erodes  the  blood  vessels,   and  are  spread 
broadcast  through  the  internal  organs,  without  any  glandular  enlarge- 
ment.   The  endothelioma  cells  sjiread  by  permeation,  and  less  commonly 
by  the  blood  vessels,  and  glandular  infection  and  metastatic  growths 
by  lymphatic  permeation  are  the  rule. 
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SOME  REFLECTIONS  ON  THE  KALA-AZA.R 
AND  ORIENTAL  SORE  PROBLEMS. 
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[Received  for  publication,  January  27,  1921.] 

About  17  years  ago,  Sir  William  Leishman  made  his  important 
discovery  of  the  parasite  of  Indian  Kala-azar.  Since  then  many  workers 
of  all  nationalities  have  contributed  valuable  papers  dealing  with  the 
various  aspects  of  these  two  problems  in  Tropical  Medicine,  and  to-day 
the  literature  is  so  extensive  and  written  in  so  many  languages  that  the 
student  beginning  research  in  connection  with  either  of  them  cannot 
possibly  read  them  all,  and  has  to  depend  on  current  reviews  for  his 
information  of  what  other  workers  are  doing.  It  is  true  all  these  papers 
have  been  reviewed,  but  as  often  as  not,  the  reviewer  has  perforce  had  to 
condense  his  summary  to  such  an  extent  that  many  points  which  are  of 
importance  to  the  isolated  worker  are  omitted.  Further,  it  is  evident 
that  very  often  the  reviewer  has  not  first-hand  knowledge  of  the  subject, 
and  is,  therefore,  not  in  a  position  to  bring  that  critical  acumen  to  bear  on 
the  entomological,  protozoological  and  experimental  sides  of  the  prob- 
lems ;  his  summary  must  then  fail  in  that  judgment  so  necessary  when 
the  evidence  is  conflicting.  And  there  are  no  two  problems  in  Tropical 
Medicine  of  a  more  subtle  nature,  and  calling  for  wider  knowledge  of 
Entomology  and  Protozoology.  Speaking  for  myself  I  have  always  had 
to  read  the  original  papers  so  as  to  weigh  all  the  facts  and  evidence  in  the 
light  of  my  own  work  on  the  subject.  Every  worker  in  India  is  not  in  a 
position  to  do  this,  and  there  is  to-day  an  urgent  need  for  a  critical 
summary  of  all  the  work  which  has  been  done  on  the  etiology  of  Kala- 
azar  and  Oriental  Sore  in  different  parts  of  the  world.  As  I  have  been 
collecting  the  literature  for  many  years,  and  have  carried  out  original  work 
(     496     ) 
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<m  these  twii  problems,  1  hope  to  write  such  a  suiiimary  in  due  course  for 
this  Journal.  This  paper  therefore  is  not  meant  to  be  a  review  of  the 
subject,  but  just  some  thoughts  ami  reflections  which  have  been 
uppermost  in  my  mind  during  the  last  few  years.  As  I  am  not  likely  to 
have  any  more  opportunities  of  investigating  either  of  these  two 
problems  in  India,  these  reflectioiLs  are  published  with  the  hope  that  they 
may  be  of  some  use   to  other  workew  on  the  subject. 

The  Kala-azar  problem  has  engaged  my  attention  oil  and  on  for  the 
bit  13 years,  and  it  was  very  early  in  my  researches  that  I  was  confronted 
with  a  most  serious  difficulty  in  connection  with  my  work  on  the  method 
of  transmission  of  the  parasite  to  man.  I  refer  to  the  natural  flagellates 
of  insects  which  belongto  the  genera  Herpelomonas  and  Crithidia.  It  was 
at  once  clear  to  me  that  a  study  of  the  life  histories  of  these  flagellates  was 
of  the  utmost  importance,  if  I  was  to  succeed  in  following  up  the 
extracorporeal  life  history  of  the  parasite  in  its  insect  host.  For  this 
reason  I  have  studied  some  twenty  species,  and  have  worked  out  the 
life  histories  of  many  of  them.  These  studies  have  been  of  the  utmost 
value  to  me  in  my  work  on  the  elucidation  of  the  method  by  which 
the  parasites  of  Kala-azar  and  Oriental  Sore  gain  entrance  into 
man's  tissues.  As  a  result  of  this  work  I  came  to  the  conclusion,  in 
1906,  that  the  parasites  of  Kala-azar  and  Oriental  Sore  are  primary 
flagellates  of  insects  associated  in  one  way  or  another  with  man,  and 
that  it  is  only  by  approaching  these  problems  from  this  standpoint 
that  I  could  ever  hope  to  discover  the  methods  by  which  they  become 
pathogenic  to  man. 

At  the  present  time  it  is  immaterial  to  me  whether  the  flagellates  of 
insects  are  called  Herpelomonas  or  Leptomonas  for  I  consider  the  two 
names  are  synonymous,  and  that  the  question  as  to  which  is  the  correct 
one  depends  on  the  true  nature  of  the  flagellate  known  as  Leptomonas 
biU:hlii  parasitic  in  the  nematode  worm,  Trilobus  gracilis  ;  and  this  can 
only  be  settled  by  a  fresh  study  of  its  structure  by  modern  methods. 
If  it  is  identical  in  structure  with  the  well-known  Herpelomonas  muscae 
domesticae,  then  all  the.se  insect  flagellates  must  be  placed  in  the  genus 
Leptoinonas.  I  do  not  consider  that  any  of  the  so-called  Leptomonas 
of  certain  authors  are  distinct  from  Herpelomonas,  for  the  simple 
reason,  that  when  the  life  hi.stories  of  these  flagellates  in  their  true  insect 
host:,  are  worked  out,  it  is  obvious  that  they  exhibit  a  marked  degree  of 
pleomorphism,  but  that  the  structure  of  the  mature  flagellate  always 
given  the  clue  to  their  tnie  nature. 
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For  these  reasons  I  have  always  maintained  that  the  parasites  of 
Kala-azar  and  Oriental  Sore  belong  to  the  genus  Herpelomonns.  It  is 
most  unfortunate  that  Sir  William  Leishman's  name  cannot  be  associat- 
ed with  the  parasite  of  Kala-azar,  and  no  one  regrets  this  more  than  I 
do.  But  the  fact  remains,  as  I  long  ago  pointed  out,  that  the  parasite  of 
Kala-azar  is  indistinguishable  from  many  unquestionable  Herpetomonads 
of  insects.  It  is  true,  as  Wenyon  says,  'The  fact  that  the  parasite  of  Kala- 
azar  has  two  hosts  and  can  live  and  multiply  in  the  organs  of  a  vertebrate 
shows  it  to  be  profoundly  different  from  the  true  Herpetomonas,  which 
lives  only  in  an  invertebrate.  This  fact  aloiie  would  be  sufficient  to 
establish  the  genus  Leishnania.  It  is  admitted  that  the  Leishmania 
resemble  the  Herpetomonas  in  their  life  histories  as  far  as  we  know  them, 
but  in  any  classification  transition  forms  between  the  groups  occur, 
as  must  be  so  from  an  evolution  standpoint.  When  a  Herpetomonas 
becomes  so  changed  that  it  has  acquired  the  power  of  living  and  develop- 
ing as  an  intracellular  parasite  in  the  body  of  a  warm  blooded  animal,  and 
giving  rise  to  such  a  disease  as  Kala-azar,  we  are  justified  in  concluding 
that  it  has  passed  out  from  the  genus  Herpetomonas,  from  which  it 
originated,  into  the  genus  Leishmania.'  These  remarks  formed  a  strong 
argument  for  the  genus  Leishmania  when  they  were  published,  but  to-day 
they  fall  to  the  ground,  for  Laveran  and  Franchini  have  conclusively 
proved,  that  more  than  one  species  of  true  Herpetomonas  parasitic  in  an 
insect  can  live  and  multiply  in  the  organs  of  laboratory  animals  in  which 
they  produce  lesions  exactly  similar  in  every  way  to  those  of  Kala-azar 
and  Oriental  Sore.  And  further  still  when  smears  are  made  from  the 
organs  of  animals  infected  with  these  parasites,  they  are  seen  in  the  cells 
as  are  those  of  the  parasite  of  Kala-azar  in  cells  in  the  organs  of  man,  and 
are  indistinguishable.  This  to  my  mind  is  conclusive  evidence  that  the 
parasites  of  Kala-azar  and  Oriental  Sore  are  nothing  more  than  insect 
flagellates  belonging  to  the  genus  Herpetomonas  or  Leptomonas  as  tl.e  case 
may  be.  To  continue  to  look  on  them  as  something  distinct  only  tends 
to  obscure  the  problem.  I  would  suggest  that  Sir  William  Leishman's 
brilliant  and  far-reaching  discovery  in  human  jjathology  be  perpetuated 
by  calling  the  disease  '  Leishman's  disease  '  instead  of  Kala-azar, 
which  is  in  most  cases  meaningless. 

THE  KALA-AZAR  PROBLEM. 

Knowing  then  that  the  parasite  of  Kala-azar  is  an  insect  flagellate 
belonging  to  the  genus  Herpetomonas,  we  are  'u\  a  position  to  understand 
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its  probable  life  history  outside  man's  body.  All  the  known  species  of 
llerpetomonas  are  primarily  found  in  the  alimentary  tracts  of  their  insect 
hosts,  in  which  they  develop  and  multiply,  and  eventually  reach  the  hind- 
gut,  where  they  round  up.  and  are  then  in  a  state  to  be  passed  out  in  the 
excreta  of  the  insect.  In  the  case  of  holometabolous  insects  this  stage  is 
ingested  by  the  larva  when  it,  either  purposely,  or  accidentally, 
feeds  tin  the  excreta  of  the  adult.  In  its  alimentary  tract  it  at  once 
develops  into  a  flagellate  and  later  multiplies.  The  flagellates  are  then 
carried  over  in  the  nymph,  and  later,  when  the  insect  hatches  out,  a 
certain  percentage  are  already  infected,  and  the  flagellates  have  a 
further  opportunity  of  multiplying  when  they  are  brought  in  contact 
with  the  food  of  the  adult,  which  in  most  instances  is  eminently  suitable 
to  them.  They  now  pa.ss  down  the  alimentary  tract  and  eventuallv 
round  up  ready  to  be  passed  out  in  the  excreta  of  the  insect. 

These  species  have  been  in  the  past  veritable  traps  in  any  investiga- 
tion of  the  extra-corporeal  life  hi.story  of  the  parasite  of  Kala-azar.  The 
writer  him.self  once  mistook  such  an  insect  Herpetomonad  in  a  mosquito 
for  the  flagellate  stage  of  the  parasite  of  Kala-azar  acquired  by  the 
mosquito  from  the  peripheral  blood  of  a  case.  Fortunately,  this  mistake 
was  soon  recognize<l  by  examining  mosquitoes  which  had  not  been  fed  on 
cases  of  Kala-azar.  But  many  other  observers  have  not  been  so  fortunate 
and  have  described  true  insect  flagellates  for  those  of  Kala-azar.  This 
has  repeatedly  happened  in  the  case  of  the  Herijctomonad  of  fleas,  for 
there  is  hardly  a  species  of  flea  which  has  not  its  own  Herpelomonas. 

A  point  of  some  interest,  and  which  has  some  bearing  on  the  extra- 
corporeal life  history  of  the  parasite  of  Kala-azar,  ia  worth  mentioning. 
In  the  case  of  those  species  of  Herpetomonads  which  are  parasitic  in 
holometabolou.s  insects  which  feed  on  blood,  the  parasites  in  passing  from 
the  larva  to  the  adult  are  suddenly  brought  in  contact  either  with  animal 
or  human  blofnl.  In  the  case  of  these  species  parasitic  in  mosquitoes 
there  is  clear  evidence  to  show  that  many  of  the  flagellates  are  destroyed 
when  they  come  in  contact  with  the  blood  in  the  midgut,  and  that  only 
those  rounding  up  and  round  forms  survive  ;  these  stages  are  as  a  rule 
already  in  the  hindgut  of  the  mosquito,  when  it  hatches  out,  and  the 
fresh  bloml  hardly,  if  at  ali,  reaches  them,  and  in  any  case  it  does  not 
destroy  them. 

There  are  some  Herpetomonads  which,  though  parasitic  in  holometa- 
bolfius  insects,  pass  their  complete  life  histories  in  the  adult  insects  alr)ne. 
A  good  example  of  this  is  to  be  found  in  the    spec  ii-s  "f  llerptlomona* 
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parasitic  in  Slomoxyj.  I  liave  never  been  able  to  find  this  parasite  in  the 
larva  of  Stomoxys,  and  there  can  be  very  little  doubt  that  the  adults 
acquire  the  infection  when  feeding  on  their  hosts,  the  round  stages 
having  been  passed  out  by  another  fly  on  the  hair.  This  type  of  life 
history  is  also  common  to  several  species  of  Crilhidia,  and  particularly 
to  those  parasitic  in  the  Tabanidse  and  in  Simulium.  Here  also  the 
parasites  never  reach  the  alimentary  tracts  of  the  larvae  of  these 
blood-sucking  flies,  but  are  acquired  by  the  adult  in  the  act  of  feeding. 
This  would  undoubtedly  account  for  the  extreme  rarity  of  some  of  these 
parasites. 

There  are  other  species  of  Herpetomonads  which,  though  normally 
passing  from  adult  to  adult,  are  equally  capable  of  developing  in  the 
larvae  of  their  insect  hosts.  Herpetomonas  muscae  domesticae  and  H. 
mirabilis  are  two  good  examples.  The  former  is  parasitic  in  many 
coprophagous  and  necrophagous  flies,  including  species  of  Musca, 
Lucilia,  Chrysomt/ia,  PyreUia  and  Fannia,  to  mention  a  few.  It  is 
quite  common,  however,  to  find  the  early  stages  of  this  Herpetomonas 
in  the  alimentary  tracts  of  the  larvae  of  Musca,  Lucilia,  etc.  I  have 
elsewhere  explained  how  this  happens.  The  latter  is  also  commonly 
found  in  the  larva  of  Lucilia  argyricepkala  in  which  it  is  capable  of 
growing  and    multiplying. 

Another  point  which  should  be  remembered  in  connection  with  these 
Herpetomonads  of  holometabolous  insects  is  that  many  of  them  are 
accustomed  to  live  in  symbiotic  relationship  with  faecal  bacteria  which 
are  common  in  the  alimentary  tracts  of  coprophagous  and  necrophagous 
flies,  as  is  the  case  with  Herpetomonas  muscae  domesticae.  I  have, 
however,  invariably  found  that  when  the  bacteria  gain  the  ascendency, 
and  literally  swarm  throughout  the  whole  alimentary  tract,  and  more 
particularly  when  they  are  found  massed  together  in  the  hindgut  and 
rectum  of  Musca,  a  not  uncommon  finding,  no  Herpetomonads  can  be 
found  in  the  alimentary  tract  of  the  fly.  That  such  bacteria  are  extremely 
inimical  to  these  Herpetomonads  will  be  evident  when  an  attempt  is  made 
to  cultivate  Herpetomonas  muscae  domesticae  in  pure  culture  from  the 
alimentary  tract  of  Musca  or  Lucilia.  If  any  of  the  bacteria  are 
inoculated  with  the  flagellates  into  the  NNN  medium,  the  flagellates 
disappear  in  two  to  three  days.  Whereas,  if  only  the  flagellates  are 
placed  in  the  medium,  they  soon  multiply  to  an  enormous  extent.  It 
is  therefore  clear  that,  although  these  flagellates  can  live  in  the 
midguts  of  their   hosts   with    bacteria,   the  moment    the  latter   gain 
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the  ascendency  the  former  disapjiear.  A  study  of  those  species  wliich 
aie  parasitic  in  bloml-suckini;  (lies  confirms  the  view  tliat  tliese 
particular  flagellates  cannot  live  with  bacteria  in  the  alimentary  tracts 
of  their  hosts. 

In  the  case  of  the  Herpetomonads  which  are  parasitic  in  hcmimeta- 
bolous  insects,  we  find  that  here  again  the  parasites  are  ingested  in  their 
round  stages  by  the  larvae  and  nymphs  of  the  insect  host.  In  the  case  of 
the  gregarious  insects,  such  as  the  plant  bugs,  many  species  of  which  are 
infecte<i  with  Herpetomonads,  the  larvae  and  the  first  nymphs  camiot 
help  becoming  infected  when  feeding  iii  company  with  the  adults,  and  it 
is  in  them  that  the  most  intense  multiplication  takes  place.  In  all  such 
insects  the  food  of  the  larvae  and  nymphs  is  the  same  as  that  of  the 
adults.  It  would  be  interesting  to  know  the  effect  of  human  blood  on 
the  Herpetomonads  of  purely  plant-feeding  bugs. 

Bearing  in  mind  these  facts  regarding  the  life  histories  of  the  tlagel- 
lates  of  the  genus  Herpetotnonas,  we  are  in  a  position  to  consider  the 
probable  way  in  which  the  parasite  of  Kala-azar  completes  its  life  history 
and  gains  entrance  to  man's  tis.sues. 

There  are  two  possible  routes  by  which  the  parasite  can  leave  the 
h  iman  bo*ly  : 

(1)  Through  the  alimentary  tract, 
(l!)  Through  the  agency  of  a  blood-sucking  insect. 
(1)  Through  the  alimentary  tract. — This  hyjwthesis  assumes  that  the 
parasite  can  jiahs  out  of  the  tissues  of  an  infected  person,  either  in  a  round 
stage,  or  as  a  flagellate.  The  only  way  the  parasite  can  leave  the  human 
body  wmdd  be  in  the  faeces.  It  is  well  known  that  many  Kala-a  ar 
patients  at  one  time  or  another,  in  the  course  of  the  disease,  suffer  from 
inflammatory  conditions  of  the  large  bowel ;  and  such  attacks  are  often 
extremely  severe  and  end  fatally.  During  the  course  of  these  terminal 
inflammatory  conditions  there  appears  to  be  a  great  multiplication  of  the 
parasite  taking  i)lace  in  the  tissues,  for  I  have  repeatedly  found  that  at 
this  time  there  may  be  immense  numbers  in  the  circulating  blood.  It  is 
assumed  that  the  parasites  have  invaded  the  large  bowel  where  they 
multiply,  and  there  is  the  possibility  they  may  be  passed  out  in  the  faces 
where  there  should  be  no  difficulty  experienced  in  finding  them.  I  have 
repeatedly  examined  the  mucus  and  blood  which  such  patients  pass,  but 
have  never  once  been  able  to  find  a  round  parasite.  Further,  by  keeping 
this  blood-stained  mucus  under  suitable  conditions,  I  have  never  been  able 
to  observe  any  developmental  forms  of  the  parasite.     Is  it  passed  in  some 
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unknown  stage,  which  has  not  yet  been  recognized,  and  will  this  stage 
develop  into  the  typical  flagellate  if  it  finds  the  conditions  suitable  ?  One 
would  think  that  this  should  happen  if  such  blood-stained  mucus  is  kept 
in  a  sterile  tube  in  a  cold  incubator,  but  I  have  failed  to  find  anything  of 
this  nature  I  am  therefore  forced  to  the  conclusion  that  the  parasite 
is  not  discharged  in  the  faeces  of  a  patient  in  the  round  stage. 

It  would  be  easy  to  understand  that  if  it  were,  it  might  be  ingested 
in  food  and  drink  by  a  healthy  person,  and  thus  find  its  way  into  his  blood. 
But  this  would  assume  that  the  parasite  can  live  in  the  gastric  juices.  In 
this  connection  it  should,  however,  be  remembered  that  laboratory 
animals  have  been  infected  with  the  Herpetomonads  of  fleas  by  allowing 
them  to  eat  the  fleas,  although  the  exact  way  in  which  the  parasite  passes 
into  the  blood  from  the  fleas  is  by  no  means  clear  ;  it  is  at  least  possible 
that  they  do  so  through  the  gastric  mucous  membrane.  Infection  may, 
however,  take  place  in  the  mouth  in  the  act  of  eating  the  fleas.  I  have 
repeatedly  tried  to  infect  monkeys  {Macacus  sinicus)  by  feeding  them  on 
mucus  from  cases  of  Kala-azar,  also  on  heavily  infected  spleen  juice  ; 
these  experiments  which  were  carried  out  in  1912-13  in  Madras  proved 
negative,  and  were  not  at  the  time  recorded.  In  the  case  of  Indian  Kala- 
azar  there  seems  to  be  no  evidence,  either  from  microscopic  findings  or 
from  experimental  infection,  to  support  the  view  that  the  parasite  is 
passefl  out  in  the  round  stage  in  the  faeces  and  ingested  in  food  by  a 
healthy  person. 

Can  the  parasite  live  in  the  faeces  and  be  ingested  by  some  sopro- 
phagous  insect  associated  with  man  ?  The  fact  that  no  one  has  found 
either  the  round  or  flagellate  stage  in  faeces,  and  that  the  parasite  cannot 
live  for  any  length  of  time  in  a  test  tube  in  a  bacterially  contaminated 
medium  is  strongly  against  such  a  possibility.  The  only  insects  I  know 
which  might  become  infected  with  the  parasite  are  the  house  flies,  Musca 
nebulo  and  Musca  Kumilis.  The  parasite  cannot,  however,  live  in  the 
alimentary  tract  of  the  house  fly,  as  I  have  already  shown  in  an  earlier 
paper. 

Taking  all  these  facts  into  consideration,  I  am  forced  to  the  conclusion 
that  the  parasite  of  Kala-azar  if  passed  out  at  all  in  the  faeces  cannot 
possibly  live  in  it,  and  later  be  ingested  by  a  healthy  person.  I  am  well 
aware  of  the  fact  that  this  method  of  infection  is  regarded  by  some  to  be 
one,  if  not  the  only,  way  the  infection  is  acquired  in  other  Kala-azar  areas, 
for  instance  the  Anglo-Egyptian  Sudan  ;  I  consider  the  evidence  on  which 
this  view  is  based  to  be  misleading.     If  the  jiarasite  of  Kala-azar  passes 
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from  man  to  man  in  this  way,  we  must  nssunie  it  is  no  longer  an  insect 
flagellate.  I  fail  to  umlerstand  how  any  unknown  stage  is  jmssed  in  the 
faeces,  and  then  reaches  some  aquatio  insect.  It  is  difficult  to  find  the 
parasite  in  an  insect  fed  on  the  peripheral  blood,  and  I  would  imagine  it 
would  be  well-nigh  impossible  to  find  it  in  an  insect  fed  either  on  the 
fsBces,  or  on  water  containing  the  fa?ces. 

(2)  Through  the  agency  of  a  lHood-suckiiig  insect. — We  now 
know  that  several  insect  flagellates  of  the  genus  Herpetomonas 
are  capable  of  living  and  multiplying  in  the  tissues  of  laboratory 
animals,  and  there  seems  to  be  no  reason  to  doubt  that  at  least  one 
species  parasitic  in  a  flea  at  times  finds  its  way  into  the  tissues  of  the  dog. 
These  parasites  are  capable  of  producing  a  diseased  condition  exactly 
similar  to  the  well-known  Kala-azar.  These  facts  in  my  opinion  strongly 
support  the  view  that  the  parasite  of  Kala-azar  is  in  the  same  way  a  true 
insect  Herpetomonas,  and  that  it  finds  its  way  into  the  tissues  of  man 
through  the  agency  of  its  insect  host.  In  the  case  of  the  Herpetomonads 
of  fleas,  which  can  live  and  multiply  in  the  organs  of  animals,  there  is  no 
difficulty  in  finding  the  parasites  in  their  insect  hosts  under  natural 
conditions.  But  in  the  case  of  the  parasite  of  Kala-azar,  on  the  other 
hand,  it  can  only  be  found  in  a  blood-sucking  insect  if  it  is  fed  on  a  case 
with  parasites  in  the  peripheral  blood.  In  other  words  the  Herpetomonads 
of  fleas  normally  pass  their  life  histories  in  their  insect  hosts,  passing 
from  flea  to  flea,  and  occasionally  entering  the  tissues  of  animals,  but 
the  parasite  of  Kala-azar  is  not,  as  far  as  we  know,  transmitted 
in  nature  from  one  insect  to  another  of  the  same  or  another  species  ;  it 
is  only  found  in  man  in  nature  and  in  its  insect  host  when  fed  on  man. 

Let  us  consider  what  insect  is  the  mo.st  likely  invertebrate  host 
of  the  parasite.  A  b'ood-sucking  insect  can  only  become  infected, 
provided  the  parasite  occurs  in  the  circulating  blood.  I  have  .shown 
that  in  Madras,  the  parasite  can  always  be  found  in  the  circulating 
blood  and  in  certain  cases  it  occurs  in  large  numbers.  And  it  has  been 
shown  by  culturing  the  peripheral  blood  of  cases  of  Kala-azar  that  the 
parasites,  although  in  the  protoplasm  of  the  white  blood  cells,  are  in  a 
suitable  condition  to  develop  into  flagellates  ;  this  change  can  also  take 
place  in  the  midgut  of  an  insect,  pro\'ided  it  is  the  suitable  invertebrate 
host.  The  blowl-sucking  insects  associated  with  man  in  such  a  Kala-azar 
area  as  George  Town,  Madras,  are  as  follows  : — 

(1)  Mosquitoes. 

(2)  Sand  Flies  {Phlebotomus).' 
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(3)  Fleas. 

(4)  Lice. 

(5)  Ticks. 

(6)  Bugs. 

(1)  Mosquitoes. — If  any  mosquito  is  the  suitable  host  of  the  parasite 
it  should  be  jjossible  to  find  it  developing  in  its  midgut  after  a  feed  on  the 
blood  of  a  patient  containing  many  jjarasites.  Although  I  have  carried 
out  such  experiments,  I  have  never  been  able  to  find  the  flagellates  and  I 
have  experimented  with  more  than  one  species  of  mosquito  common  in 
George  Town.  Such  an  investigation  requires  to  be  undertaken  with  the 
knowledge  that  mosquitoes  are  often  infected  with  their  owti  Herpeto- 
monads,  which  they  acquire  in  their  larval  stages.  To  exclude  such 
parasites  it  is  not  sufficient  to  collect  the  larvae,  but  to  breed  them  from 
eggs  in  water,  which  is  not  likely  to  contain  the  round  stages  passed  out  by 
the  adult  mosquitoe.-i. 

Perhaps  it  would  be  as  well  to  repeat  my  experiments  under  favour- 
able conditions  in  another  locality,  but  Mackie's  work  in  Assam  suggests 
that  the  mosquito  there  plays  no  part  in  the  transmission  of  the  parasite. 
In  any  case,  the  fact  that  the  infection  in  such  an  area  as  George  Town, 
Madras,  in  which  the  disease  is  localized  to  certain  streets,  and  even  to 
groups  of  houses,  seems  to  exclude  the  probability  of  a  flying  insect  as 
being  the  invertebrate  host  of  the  parasite. 

(2)  Sand  Flies  [PhJebotomus). — Here  again  in  any  experiments  with 
these  small  blood-sucking  flies  it  is  necessary  to  remember  that  at 
least  two  species  are  known  to  harbour  natural  Herpetomonads.  The 
evidence  in  favour  of  the  sand  fly  being  the  invertebrate  host  of  the 
parasite  is  not  very  convincing.  It  is  true  the  sand  fly  tends  to  remain 
in  houses  near  its  breeding  grounds,  and  is  localised  to  certain  areas,  but 
in  George  Town  the  number  of  sand  flies  is  very  limited,  the  only  species 
being  Phlebotomus  mimitus.  I  have  made  many  attempts  to  collect 
these  flies  from  George  Town,  but  have  never  been  able  to  get  them, 
and  the  people  do  not  seem  to  know  them  ;  they  must  theref  re  be 
scarce  and  could  hardly  account  for  the  many  cases  of  Kala-azar  which 
occur  annually. 

As  I  have  never  fed  sand  flies  on  the  peripheral  blood  of  cases  of  Kala- 
azar,  I  am  not  in  a  position  to  say  whether  the  parasite  develops  in  the 
midgut  of  this  insect.  Mackie,  although  he  records  finding  Hei'petomonas 
phJebotonii  in  10  per  cent  of  specimens  examined  in  Assam,  was  not  able 
to  observe  the  development  of  the  parasite  of  Kala-azar  in  384  sandflies 
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fe<l  ori  the  peripheral  blood  of  cases  of  Kala-aziir.  lie  concludes  by 
saying  '  The  only  insect  which  has  given  any  return  for  work  put  into 
it  is  the  saml  fly,  and  I  am  of  opinion  that  the  relation  of  this  insect 
to  the  disease  wonld  repay  further  investigation.'  I  i)resunie  he 
refers  to  his  finding  this  insect  infected  with  HerpHomonns  phlelxilomi. 
This  Herpetomonad,  as  he  jxiints  out,  is  clearly  a  natural  {xarasitc 
of  Phlebolotntis  minutus,  and  I  have  little  doubt  is  acquired  in 
its  larval  stage  ;  the  larva'  of  Phlebotomus  feed  on  the  faces  of  other 
insects  and  there  is  no  reason  to  suppose  that  they  would  not  eat 
that  of  the  adults,  and  thus  become  infected  with  the  round  stage  of 
the  j)arasite. 

I  have  examined  a  large  number  of  P/ilebolomus  minuUis  caught 
around  the  King  Institute,  Madras,  but  have  never  been  able  to  find  this 
Herpetomonas  in  a  single  specimen.  I  have  seen  it  stated  that  Mackio 
originally  found  this  parasite  in  Madras,  but  this  of  course  is  not  *rue  ; 
he  found  the  parasite  in  Assam. 

It  is  interesting  to  note  that  Laveran  and  Franchini  have  recently 
succeeded  in  producing  a  general  infection  in  a  young  dog  by  inoculating 
it  with  a  species  of  Her ^)etomonas  from  Phlebotomus  papatasii. 

In  my  opinion  the  .sand  fly  in  Madras,  at  any  rate,  cannot  be  seriously 
considered  as  the  invertebrate  ho.st  of  the  jjarasite  of  Kala-azar. 

(3)  Fhas. — The  important  and  only  hou.se  flea  in  George  Town, 
Madras,  is  Clenocephalus  felis,  common  on  the  dog  and  the  cat ;  it  is 
infected  with  its  own  species  of  Crithidia.  I  had  a  unique  opportunity 
some  years  back  in  dissecting  a  large  number  of  this  species,  which  had 
fed  on  the  blood  of  a  dog,  which  contained  many  hundreds  of  parasites  of 
Kala-azar,  as  many  as  500  being  seen  in  each  blood  film.  These  di.ssec- 
tions  clearly  i)roved  that  the  parasite  does  not  develop  in  the  midgut  of 
this  flea,  strongly  opjwsing  the  hypothesis  that  the  flea  is  the  invertebrate 
host  of  the  parasite.  I  consider  it  would  be  a  mere  waste  of  time  to 
carry  out  any  further  experiments  with  this  flea.  As  Pulex  irrUans 
does  not  occur  in  M.adras,  it  cannot  play  any  part  in  the  transmission 
of  the  parasite  ;  in  India  this  species  is  only  found  in  the  hills.  I  have, 
however,  fed  some  Pulex  irrUans  on  a  rich  culture  of  the  parasite,  but 
beyond  finding  the  flagellates  in  their  midguts  21  hours  after  the  feed, 
they  had  disajjpeared  in  all  the  fleas  examined  later. 

(4)  /yicf.  -Early  in  my  investigations  on  Kala-azar,  1  fed  both  br.dy 
and  head  lice  on  ca.ses  of  Kala-azar,  in  whose  peripheral  blood  there  were 
many  parasites.     Although  I  was  able  to  find  the  unchanged  parasite, 
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I  was  never  able  to  fiiid  any  developmental  forms.     These  experiments 
convinced  me  that  lice  are  not  the  invertebrate  hosts  of  the  parasite. 

(5)  Ticks. — I  have  fed  Ornithodorus  savignyii  on  the  peripheral 
blood  of  cases  of  Kala-azar  in  Madras,  but  have  never  been  able  to 
observe  any  developmental  changes  of  the  parasite  in  its  alimentary 
tract.  This  is  the  only  tick  which  is  likely  to  feed  on  the  blood  of  man, 
and  it  never  occurs  in  George  Town,  Madras.  I  consider  it  would  be 
mere  waste  of  time  experimenting  with  any  species  of  tick. 

(6)  Bugs. — Bugs  belonging  to  two  genera  Conorhinus  and  Cimex 
are  known  blood-suckers  in  India,  the  former  as  far  as  I  am  aware  does 
not  suck  the  blood  of  man,  but  probably  feeds  on  the  common  house 
squirrel,  and  therefore  has  not  the  same  habits  as  its  well  known  ally, 
C.  megistus,  in  South  America.  Conorhinus  rubrofasciatus  commonly 
enters  houses  apparently  attracted  by  a  light,  and  if  carelessly  handled 
will  not  hesitate  to  pierce  the  skin  with  its  powerful  proboscis.  I  bred 
this  bug  for  many  years  in  Madras  in  test  tubes.  A  female  was  caught 
and  fed  on  the  blood  of  a  rabbit,  and  it  soon  began  to  lay  its  eggs,  and  in 
this  way  large  numbers  of  larvae  were  obtained,  and  these  were  bred  to 
maturity  by  feeding  them  on  the  blood  of  a  rabbit.  A  large  number  of 
the  early  stages  were  fed  on  the  peripheral  blood  of  a  case  of  Kala-azar  in 
films  of  which  there  were  immense  numbers  of  parasites.  On  dissecting 
them  at  intervals,  I  found  that  the  parasites  did  not  develop  into  flagel- 
lates, but  soon  degenerated  and  disappeared..  This,  in  my  opinion,  is 
conclusive  evidence  that  this  bug  can  play  no  part  in  the  transmission  of 
the  parasite  in  nature  ;  and  my  observations  have  been  fully  confirmed 
by  Cornwall  and  LaFrenais.  Further,  Conorhinus  rubrofasciatus  is 
unknown  to  the  inhabitants  of  George  Town,  Madras,  and  certainly 
carmot  be  found  there  except  stray  adult  specimens  attracted  to 
lights. 

Cimex  heniiptera. — This  species  is  the  only  member  of  its  genus  in 
Madras,  and  it  abounds  everywhere.  When  fed  on  the  peripheral  blood 
of  a  case  of  Kala-azar  ccntaining  many  parasites,  I  found  that  the  para- 
sites slowly  developed  into  flagellates  in  the  midgut  as  soon  as  the  cells 
containing  them  were  digested,  and  that  if  the  bugs  were  not  fed  again, 
the  flagellates  after  multiplying  rounded  up  again.  But  if,  on  the  other 
hand,  the  bugs  were  given  a  feed  of  clean  human  blood  when  the  parasites 
were  in  the  flagellate  stage  in  the  midgut,  they  were  destroyed  and  soon 
disappeared  in  the  va.st  majority  of  the  bugs.  As  I  was  unable  to  find 
any  stages  in  the  salivary  glands  of  the  bug,  I  came  to  the  conclusion  that 
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the  flagellates  were  reinoculated  by  regurgitation  when  the  bug  fed  again. 
But  I  now  know  that  this  certainly  never  happens  and  Cornwall  has  also 
proveil  this.  In  1913, 1  carried  out  a  large  number  of  feeding  experiments 
with  heavily  infected  bugs  on  monkeys  and  dogs  but  the  results  were 
entirely  negative,  and  although  these  experiments  were  never  recorded,  I 
came  to  the  conclusion  at  that  date,  that  transmission  can  never  take 
place  by  the  bite  of  the  bug.  As  a  result  of  my  exjjeriences  in  Mesopota- 
mia, it  occurred  to  me  that  the  allied,  though  distinct,  parasite  of 
Oriental  Sore  was  in  that  country  transmitted  to  man  when  the 
8and  fly,  Phlebolomus  papatasii,  is  crushed  on  the  skin.  It  seemed 
possible  that  the  parasite  of  Kala-azar  was  transmitted  by  crushing  a 
bug  in  the  same  way,  and  on  my  return  to  India,  in  1919, 1  endeavoured 
to  test  this  hypothesis.  By  feeding  bugs  on  pure  cultures  of  the 
parasite  as  described  by  Cornwall  and  LaFrenais,  I  was  able  to 
observe  the  behaviour  of  the  parasite,  and  to  confirm  my  original 
findings,  viz.,  that  when  the  food  in  the  midgut  of  the  bug  becomes 
exhausted  the  flagellates  appear  to  round  up,  and  that  when  bugs  heavily 
infected  with  flagellates  are  allowed  to  feed  on  dean  human  blood,  in  a 
large  percentage  the  flagellates  are  destroyed  and  disappear.  If,  on  the 
other  hand,  the  flagellates  had  succeeded  in  rounding  up,  they  were 
able  to  multiply  when  the  bug  fed  again  ;  this  was  most  marked  in  the 
nymphal  stages  of  the  bug.  Further,  it  was  clear  that  if  a  large  number 
of  bugs  were  fed  on  a  rich  culture  of  the  parasite  containing  active  flagel- 
lates, and  the  bugs  were  refed  on  clean  human  blood,  in  the  majority 
it  was  quite  impossible  to  find  any  parasites  in  eitherthe  midgut,  hiudgut, 
or  rectum  by  examining  fresh  and  stained  preparations.  Yet  in  a  few 
they  could  be  found  in  small  numbers  after  prolonged  search.  In  the 
majority  of  bugs  which  are  still  infected,  they  are  missed  in  the  microsco- 
pic examination  in  the  fresh  condition  of  the  contents  of  the  alimentary 
tracts  of  the  bugs,  and  in  stained  smears  of  the  same.  Anyone  who  has 
examined  the  midgut,  hindgut  and  rectum  of  Cimex  during  the  process 
of  digestion  of  human  blood  will,  I  think,  agree  that  owing  to  the  length 
of  the  alimentary  tract  and  the  nature  of  the  contents,  particularly  of  the 
hindgut,  it  is  practically  impossible  to  find  any  round  parasite  iji  the  fresh 
condition,  when  in  small  numbers  and  as  often  as  not  iuip<jssible  to  find 
one  in  the  stained  smear  of  the  contents  ;  in  the  very  process  of  making 
and  staining  the  contents  the  few  parasites, which  may  be  present,  are  lost. 
The  reader  may  think  this  is  an  exaggeration  of  the  case,  but  I  think  he 
will  soon  change  his  mind  when  he  searches  for  such  forms,  and  later 
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tries  to  Htaiu  them.  This  is  a  serious  difliculty  in  connection  with  the 
microscopic  examination  of  fresh  and  stained  specimens  of  the  contents 
of  the  alimentary  tract  of  Cimex. 

I  realized  at  once  that  this  method  of  investigating  the  problem 
would  never,  in  the  first  place,  solve  the  riddle  as  to  how  long,  and  in 
what  percentage  of  the  bugs,  parasite  persists,  and  more  particularly  in 
what  stage,  and  in  what  part  of  the  alimentary  tract.  There  could 
be  no  doubt  that  in  the  majority  of  bugs,  the  second,  third  and  even 
fourth  feed  of  blood,  the  parasites  disappear,  but  that  in  a  few  it 
persists,  and  is  able  to  multiply.  Were  it  that  the  parasite  passes  to 
the  salivary  gland?,  there  would  be  no  difficulty  in  finding  it,  but 
when  it  remains  in  the  alimentary  tract  alone  it  is  extremely  difficult 
to  do  so. 

It  then  occurred  to  me  that  the  parasite  could  be  most  easily  detected 
by  culturing  the  midgut,  hindgut  and  rectum,  including  their  contents  in 
the  NNN  medium.  In  order  to  carry  this  out,  it  was  necessary  to  devise  a 
technique  which  would  eliminate  all  bacteria  present  on  the  body  of  the 
bug,  and  without  going  into  details,  which  have  been  already  described, 
it  was  found  that  by  first  dipjiing  the  bug  to  be  dissected  in  ether  for  a 
few  seconds,  and  then  brushing  its  body  thoroughly  in  80  per  cent  carbolic 
acid,  and  washing  it  in  five  changes  of  sterile  saline  solution,  its  alimentary 
tract  could  be  safely  dissected  out  without  any  fear  of  contaminating  the 
NNN  medium  wuth  bacteria.  Employing  this  technique  I  have  cultured 
the  alimentary  tracts  of  bugs  fed  on  living  flagellates  of  H erpetomonas 
donovani,  and  have  obtained  the  following  results.  It  is  necessary  to 
note  that  the  portion  of  the  alimentary  tract  here  spoken  of  as  the 
hindgut  is  in  reality  a  part  of  the  midgut,  that  is  to  say,  it  is  a 
part  of  the  mesenteron  ;  I  have,  however,  retained  the  name  hindgut 
throughout. 

1.  Bugs  Jed  on  cultures  of  liviny  flagellates  showing  actively  div  ding 
forms,  and  not  refed again  on  clean  human  blood;  their  midguts,  hindguts 
and  recta  dissected  out  and  placed  separately  in  NNN  medium. 

Adults. — The  midgut  and  contents  of  a  bug  fed  in  the  above  way  was 
cultured  on  the  31st  day  after  the  feed  on  flagellates  and  gave  a  positive 
result.  The  hindgut,  rectum  and  contents  of  another  bug  gave  a  positive 
result  34  days  after  the  original  feed. 

Larvae. — The  midgut,  hindgut,  rectum  of  a  bug  which  had  fed  as 
a  larva  on  flagellates  gave  a  positive  result  on  the  12th  day  alter  the 
feed. 
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'2.  Biiijx  Jitl  nil  fiiUurt's  oj  UriiDj  Jliiyrlhilrx  sliO'niiii  uctiifli/  iliriditiq 
fnrms,  and  rvjvd  sultsequently  screral  times  on  clani  Iiiiiikui  blood.  Their 
midguts,  hiiulgiils  <  iid  recta  were  dissedrd  out  and  sejiarofeli/  cultured. 

Adults.-  -The  midgut  and  contents  of  one  bug  gaVc»  a  positive  result 
J 1  davs  after  the  original  feed,  and  after  successive  feeds  of  clean  human 
blood.  The  hindgut  and  rectum  of  aiiotlier  bug  gave  p  positive  rc.ult  31 
davs  after  the  original  feed,  and  with  successive  intervening  feeds  of 
clean  b]oo(\. 

Nymph. — The  midgut,  hindgut  and  rectum  of  a  bug  fed  as  a  nymph 
gave  a  positive  cultural  result  on  the  34th  day  after  the  original  feed,  and 
with  successive  feeds  of  clean  human  blood. 

A«r«i«—  The  midgut  of  a  bug  fed  as  a  larva  on  llageliates  and  subsc- 
uuently  fe<l  on  clean  human  blood  gave  a  positive  result  12  days  after  the 
original  feed  and  with  intervening  feeds  of  clean  blood. 

From  these  results  it  will  be  seen  that  if  adult  bugs  are  fed  on  living 
flagellates  of  //.  donovani,  and  not  refed  again  on  clean  human  blood,  the 
parasite  can  be  recovered  from  their  alimentary  tracts  as  long  as  31  days 
in  the  midgut  and  34  days  in  the  hindgut  and  rectum.  The  fact  that 
the  jMirasite  is  able  to  multiply  and  show  a  profuse  culture  of  flagellates  in 
the  NNX  medium  conclusively  proves  that  it  was  in  a  living  condition  in 
the  alimentary  tract  of  the  bug  at  the  time  the  culture  was  made.  The 
parasite  can  therefore  live  for  at  least  31  days  in  the  midgut  of  the  bug 
and  for  34  days  in  the  hindgut  and  rectum  without  any  feK)d,  for  these 
bugs  were  not  fed  again  and  their  midguts  were  empty,  and  their  hindguts 
only  contained  digested  blood.  I  believe  this  does  not  represent  the  limit 
of  time  the  parasite  can  survive  in  a  living  condition  in  the  alimentary 
tract  of  the  bug,  for  as  only  a  comparatively  small  number  of  bugs  were 
used  in  the  exiieriment,  and  as  they  were  gradually  dying,  the  last  one  was 
not  kept  longer  than  the  34th  day. 

The  second  series  of  experiments  prove  that  if  adult  bugs  are  fed  on 
flagellates  of  Herpetomonas  dmiovani,  and  if  the  bugs  are  subsequently  fL'<l 
on  clean  human  blood,  the  parasite  can  survive  and  has  been  found  in  a 
living  condition  in  the  midgut  of  the  bug  41  days  after  the  original  feed 
and  in  the  hindgut  and  rectum  34  days.  It  was  clear  from  this  particular 
series  of  experiments,  that  in  the  greater  proportion  of  the  bugs  the  para- 
sites had  di.sapi)earcd  having  in  all  probability  been  destroyed  by  the 
fresh  blood.  The  parasite  can  be  found  34  days  later  in  the  midgut, 
hindgut  and  rectum  of  a  bug  which  had  fed  as  a  nymph  on  flagellates  ; 
and  11  days  in  a  bug  which  had  been  fed  as  a  larva. 
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Here  then  we  have  a  very  clear  indication  that  the  parasite  of 
Kala-azar  can  survive  in  the  midgut  of  Cimex  hetniptera  for  a  long 
period  in  spite  of  refeeds  of  human  blood.  There  can  be  no  poesible 
fallacy  in  these  cultural  experiments.  In  each  case  the  midgut, 
hindgut  and  rectum  was  dissected  out  and  separated  from  the 
remaining  jiart  of  the  alimentary  tract  and  transferred  to  a  tube  of 
NNN  medium. 

One  of  the  most  puzzling  facts  connected  with  the  spread  of  endemic 
Kala-azar  is  that  the  infection  persists  in  a  house,  or  a  locality  for 
long  periods,  and  it  has  been  difficult  to  explain  this  phenomenon 
from  existing  knowledge  of  the  extracorporeal  life  history  of  the 
parasite.  But  now  that  we  know  that  the  parasite  can  persist  in  an 
insect  in  spite  of  repeated  feeds  of  human  blood,  which  at  one  time 
I  believed  destroyed  it,  we  have  a  clear  solution  of  this  puzzling 
phenomenon.  Further,  as  it  is  only  a  small  percentage  of  bugs, 
which,  on  becoming  infected,  can  remain  so,  we  are  in  a  position  to 
explain  why  the  disease  is  not  more  prevalent  although  the  bug 
abounds  everywhere.  That  is  to  say,  we  can  explain  why  the  distri- 
bution of  the  disease  does  not  correspond  with  the  distribution  of  the 
bug. 

I  have  little  doubt  that  when  these  experiments  come  to  be  repeated 
by  other  observers,  the  time  that  the  parasite  can  persist  in  the  bug 
will  be  found  to  be  longer.  I  consider  these  results  most  encouraging 
as  they  have  opened  up  a  new  method  of  attacking  this  problem  ; 
they  have  been  obtained  by  feeding  bugs  on  the  flagellate  stage  of 
the  parasite,  and  it  now  remains  to  feed  bugs  on  the  peripheral  blood 
of  a  case  of  Kala-azar  containing  many  parasites.  I  would  suggest  the 
following  line  of  enquiry  as  being  the  most  likely  to  lead  to  successful 
results. 

A  large  number  of  adult  bugs  (C.  hemiptera)  should  be  collected  and 
fed  on  healthy  human  blood,  all  their  eggs  collected  later  and  the  Iarva3 
kept  in  a  starved  condition  ready  to  be  fed  on  the  peripheral  blood  of  a 
case  containing  many  parasites.  Some  may  be  fed  once  only  on  the  case 
and  others  several  times.  Each  lot  should  then  be  fed  on  healthy  human 
bl'  od,  and  their  midguts  and  Tectums  dissected  out  and  cultured  as 
described  above,  and  the  culture  tubes  kept  at  22°C  ;  some  may  be  fed  on 
clean  blood  until  they  reach  the  adult  stage  and  then  their  alimentary 
tracts  cultured.  By  carrying  out  such  a  series  of  experiments  we  would 
then  know  the  extreme  limit  of  time  the  parasite  could  live  m  the  varous 
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parts  of  the  alimentary  tract,  and  more  {xirticularly  in  whidi  part  UnifU'r 
than  another. 

But  such  an  enquiry  mu.>t.be  carried  out  with  the  greatest  care, 
and  it  will  be  very  evident,  that  it  demands  a  high  degree  of  manipulative 
skill  in  dissecting  out  the  alimentary  tract  of  the  bug  without  rupturing 
it,  and  without  contaminating  it  with  bacteria  ;  these  must  be 
excluded  from  the  medium  if  we  expect  to  obtain  cultures  of  the 
parasite.  Each  step  in  the  enquiry  must  be  considered  as  important 
as  another  so  as  to  prevent  any  mistake  being  made  which  would 
cause  some  of  the  observ'ations  to  be  negative.  The  bugs  must  be 
bred  by  an  Assistant  whose  duties  are  to  see  that  all  the  stages 
are  ready  when  required,  and  that  no  mistakes  be  made  by  allowing 
fed  bugs  to  die  owing  to  the  omission  of  some  small  detail.  I  have 
found  that  equally  good  results  can  be  got  by  using  a  pipette  to  .^uck 
up  the  contents,  say,  of  the  midgut,  especially  when  it  has  ruptured, 
and  transferring  this  to  the  NNN  medium.  It  may  be  of  some 
importance  to  place  the  contents  in  one  XNN  tube,  and  the  gut  wall  in 
another. 

If  such  an  enquiry  were  carried  out  in  a  Kala-azar  area  for  about 
two  years  using  only  peripheral  blood  feeds,  and  only  those  cases  showing 
many  parasites  in  blood  films,  I  am  con\nnced  some  valuable  clues 
as  to  the  next  step  in  the  enquiry  would  be  discovered.  We  would,  for 
instance,  find  out  the  percentage  of  bugs  in  which  the  parasite  persists, 
after  long  periods  with  feeds  of  clean  human  blood  following  the 
infected  feed.  We  would  also  know  which  stage  of  the  bug  is  most 
suitable  for  the  persistence  of  the  infection.  Having  found  out  these 
facts,  we  would  be  in  a  position  to  examine  the  bugs  microscopically 
with  far  greater  chances  of  success  than  by  examining  them  without  this 
knowledge. 

There  are  one  or  two  points  in  connection  with  the  life  history  of 
Cimex  kemiptera  which  call  for  note  here.  It  will  be  remembered  that 
this  bug  has  seven  stage"  in  its  life  history,  an  egg  stage,  larval  stage, 
four  nymphal  stages  and  an  adult  stage.  The  followmg  observations  on 
the  life  histories  of  C.  hemiptera  and  C.  leclularius  were  carried  out  at  the 
Pasteur  Institute,  Coonoor,  by  Laboratory  Assistant  Ujja  under  my 
supervision.  The  bugs  were  fed  on  himself,  and  accurate  observations 
were  made  on  each  bug  noting  whether  it  had  fed  or  not.  The  results 
may  be  t*ken  to  represent  what  would  take  place  in  Nature,  under 
similar  conilitions  of  temperature,  etc. 
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Life  history  of  Cimex  hemiplera  Fabr. 

Kept  at  average  maximum  temperature  68°F. 

and  average  minimum  temperature  657°F. 

Humidity  at  8  hours — 84  ;  the  bugs  applied  every  day  for  feeding. 


Number  of  feeds. 

Larval  and  Nymphal  Stages. 

Number  of  days  in 
changing  from  one 
stage  to  another. 

Number  of  days 

from  larval  to 

last  nymphal 

stage. 

Larval  stage 
let    Nymph 
2nd  Nymph 
3rd  Nymjjh 
4th  Nymph 

3 
3 

4 
4 
5 

9     to     12 
11     to     14 

13  to     15 

14  to     16 
1()     to     10 

66  days. 

Adult  :tage. 


Number  of  days  from 

last  nymphal  change 

to  egg  laying. 

Number  of 
feeds. 

Eggs. 

Number  of  days 

to  hatch. 

22  days. 

5 

15     to     17 

Life  history  of  Cimex  hemiplera  ;  kept  at  9]'2°F. 


Applied  daily. 

Number  of  feeds. 

Number  of  days  to 
change  from  one 
stage  to  another. 

Number  of  days 

from  larval  to 

the  last  nymphal 

stage. 

Larval  stage 
1st   Nymph 
2nd  Nymph 
3rd  Nymph 
4th  Nymph 

1 
1 
2 
2 
3 

3 

3     to    4 

3  to     5 

4  to     6 

5  to     7 

21  days. 
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Adults  at  saiui'  tonipoiatiirp. 


Xuiubcr  of  (lavs  fn>m 
lut  uyiuplial  change 
to  eRg  laying. 

Number  of 
feeds. 

Xunibcr  of  days 
to  hafcli. 

«  days 

3 

r.     to     7 

Life  history  of  Cimex  leclul-.iriiis  L. 
Kept  at  average  maximum  temperature  G80°F. 
and  average  m  nimum  temperature  65"7°F. 
TImniditv  at  8  hours — 84. 


.Applied  every  day 
lor  feeding. 

Number  of  feed. 

Number  of  days  in 
changing  from  one 
stage  to  another. 

XiniibiT  of  (lays 

from  larval  to 

last  nj'mphal 

stage. 

Larral  stage 
1 3t    Nymph 
2nd  Nymph 
3rd  Nymph 
4th   Nymph 

3 
4 
4 
4 

9     to     11 
11     to     I.t 
13     to     10 
15     to     17 
10    to    in 

07  days. 

.Ad'll 

s  kent  at  same  temperat  ire. 

Number  of  days  from 

last  nymphal  change 

to  ege  layine. 

Number  of 
feeds. 

Kj.'L's. 

Number  of  days 
to  hatch. 

23  days. 

^' 

1.5    to     17 

C.  Iprliilariiis.  kept  at  91-2°F. 


Applied  every  day 
for  feeding. 


Larval  st«ge 
Ist  Nymph 
2nd  Nymph 
3rd  Nymph 
4th  Nymph 


Number  of  feeds. 


Number  of  days  to 

change  from  one 

stage  to  another. 


3 

4  to    r, 

5  to  0 
C  to  7 
0     to     9 


Number  of  days 

from  lar\al   to 

the  last  nymphal 

stage. 


24  da3-s. 
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Adults  at  sam-  tcinperatiirc. 


Number  of  days  from 
last  i\ymphal  change 
to  egg  laying. 

Number  of 
feeds. 

Eggs. 

Number  of  days 

to  hatch. 

7  days 

3 

fi    to     7 

From  these  observations  it  will  be  noted  that  the  life  histories  of  the 
two  species  are  the  same  under  identical  conditions.  The  larval  and 
nymphal  stages  feed  from  three  to  five  times  between  each  stage,  and  19 
to  20  feeds  are  taken  during  the  immature  stages  at  the  temperature 
under  which  the  experiments  were  carried  out.  As  far  as  I  am  aware 
Cimex  in  all  its  stages  only  stops  feeding  when  food  is  not  available, 
and  when  it  is  infected  with  bacteria,  the  latter  a  very  rare  occurrence,  if 
ever,  in  Nature.  It  is  tnie  under  natural  conditions  bugs  will  be  found  in 
all  stages  in  a  bed,  and  it  is  evident  some  do  not  feed  as  often  as  others, 
most  probably  owing  to  lack  of  opportunities.  A  bug  feeding  on  a  case  of 
Kala-azar  would  continue  to  do  so  until  it  was  removed  or  killed.  If  the 
parasite  is  to  develop  and  remain  in  the  alimentary  tract,  it  must,  there- 
fore, be  able  to  resist  the  fresh  feeds  of  blood. 

Let  us  now  consider  how  the  bug  can  infect  man.  If  the  parasite 
does  not  pass  to  the  salivary  glands,  and  at  present  there  is  no  evidence  to 
show  that  it  does,  the  only  other  way  it  can  be  transmitted  by  the  bite 
is  by  passing  up  the  oesophagus  into  the"  pumping  organ,  and  is  then 
regurgitated  when  the  bug  sucks  blood.  Thie,  I  now  know,  never  takes 
place,  and  further  I  have  never  succeeded  in  finding  the  parasite  either 
in  the  pumping  organ  or  the  proboscis.  The  only  other  way  it  can  pass 
to  the  sldn  of  man  is  when  an  infected  bug  is  crushed  on  the  skin. 
Bugs  are  very  frequently  crushed,  and  I  have  been'repeatedly  told  so  by 
Kala-azar  patients.  Recently  I  had  two  little  girls  suffering  from  the 
disease  under  my  care.  They  had  contracted  it  at  the  Railway  quarters 
in  Madras,  where  they  were  living  with  their  parents  in  a  block  of  rooms. 
In  one  of  the  rooms,  close  by,  a  man  died  of  Kala-azar,  and  a  month  or  so 
before  this  event  took  place,  he  had  been  bedridden  suffering  from  terminal 
dysentery,  and  the  mother  of  the  girls  told  me  that  they  very  frequently 
went  to  his  bedside  and  talked  with  him.  His  bed  was  hea^aly  infested 
with  bugs,  as  were  also  those  of  the  two  little  children  ;  in  fact  the  mother 


W.  S.  ration.  515 

told  me  that  she  found  it  inijwssible  to  get  rid  of  them,  there  were  so 
many.  Slie  further  said  it  was  quite  common  to  find  marks  of  hlood 
on  the  necks,  ears,  hands  and  legs  of  her  daughtei-s,  and  that  there 
was  no  doubt  these  represent etl  the  blood  from  crushed  bugs.  In  onler 
to  reach  the  children  tliey  had  to  crawl  out  of  the  beds  over  the  bed 
clothes  and  then  were  able  to  reach  the  skin.  It  was  e\'ident  they  were 
crushed  by  the  children  during  sleep,  the  irritation  directing  the  hands 
to  the  spot  when  the  bug  was  crushed.  All  this  information  was  given 
by  the  mother  without  my  putting  any  leading  questions  to  her. 

The  larval  and  nvmphal  stages  of  the  bug  are  those  which  are  most 
readily  crushed.  It  is  only  necessary  to  let  some  feed  to  repletion,  and 
then  to  apply  slight  pressure  to  their- bodies  when  it  will  be  found  that 
they  at  once  rupture.  It  is  almost  impossible  to  dissect  out  the  midgut 
of  a  larva,  or  a  first  and  second  stage  nymph  without  rupturing  it,  when 
it  is  fully  fed  with  blood. 

Let  us  now  consider  in  what  stage  the  parasite  is  likely  to  enter  the 
human  skin.  But  before  discussing  the  various  possibilities,  I  will  refer 
to  a  recently  discovered  stage  in  the  development  of  the  parasite  in  the 
bug.  It  will  be  remembered  that  Cornwall  recently  described  a  peculiar 
phase  in  the  flagellate  stage  of  the  parasite,  which  he  has  named  the 
'  thick  tf.il.'  He  has  pointed  out  that  this  stage  is  only  seen  in  the 
alimentary  tract  of  the  bug,  but  is  also  found  by  mixing  a  drop  of  culture 
containing  flagellates  with  the  alimentary  tract  of  the  bug.  He  makes 
the  following  remarks  regarding  the  conditions  which  determine  the 
appearance  of  this  form.  '  It  has  never  been  seen  in  ordinary  cultures  of 
the  flagellate,  nor  when  cultures  are  mixed  with  serums,  saline  solutions, 
acids,  or  alkalis.  If,  however,  the  stomach  of  a  Cimex  be  dissected 
out  and  teased  up  on  a  slide  and  some  flagellates  added  from  a  culture, 
and  the  preparation  be  sealed  with  vasclene,  it  will  be  found  one.xamiaa- 
tionnext  day  that  a  certain  number,  perhaps  a  hundred  or  more,  of  the 
flagellates  have  become  thick  tails.  The  transformation  occurs  only 
in  actual  contact  with  a  piece  of  stomach  mucous  membrane  ;  thick  tails 
are  never  found  in  the  outlying  fluid  of  the  preparation  where  the 
majority  of  the  active  flagellates  congregate.  There  does  not  "eem  to 
be  an)'  particular  attraction  in  the  mucous  membrane  for  the  flagellates  ; 
indeed  they  o.'ten  appear  to  be  fewer  in  the  immediate  neighbourhood  of 
fragments  than  at  a  distance.  Not  everv  preparation  of  bug  stomach 
and  flagellate  culture  is  successful  in  producing  thick  tails  ;  just  as  one 
fails  to  find  thick  tails  in  every  bug  which  has  been  fed  on   flagellates. 
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It  docs  not  appear  that  the  condition  of  the  stomach  makes  much 
difference,  whether  it  be  taken  from  a  starving  bug  or  one  recently  fed. 
It  does  seem,  however,  that  the  presence  of  nutrient  matter  favours  the 
formation  of  thick  tails,  for  more  successful  preparations  were  obtained 
when  a  little  fresh  human  blood  was  added  to  a  starving  stomach  than 
when  nothing  was  present  but  stomach  salt  solution,  and  a  drop  of 
flagellate  culture  ;  as  also  when  the  blood,  already  present  in  a  distended 
stomach,  was  retained  in  the  preparation  instead  of  being  washed 
away.  '  He  goes  on  to  say  that,  '  Thick  tails  are  nearly  formed  as  well 
when  the  intestine  of  Cimex  is  used  instead  of  the  stomach,  but  not 
when  muscle  and  bits  of  other  tissues  are  present.  Other  experiments 
with  both  L.  donovam  and  L.  tropica  were  made  with  the  stomach  of 
rabbits,  rats,  fleas  (Xenopsylla),  Conorkinus  ruhrofasciatus,  and  ticks 
(Margaropus),  all  with  negative  results.  The  mucous  membrane 
of  the  stomach  and  intestine  of  Cimeac  rotiindatits  a'one  caused  the 
transformation.' 

It  will  be  noted  from  these  observations  of  Cornwall  that  the  reacciuii 
which  results  in  the  formation  of  the  '  thick  tail  '  is  of  a  specific  nature, 
contact  with  the  cells  of  the  alimentary  tract  of  Cimex  alone  producing  it. 
As  soon  as  I  saw  this  stage  of  the  parasite  in  the  bug,  I  recognized  it  was 
some  thing  I  had  not  seen  previously  in  my  feeding  experiments  in 
Madras.  There  could  be  very  little  doubt  that  it  played  some  important 
part  in  the  life  history  of  the  parasite  in  the  bug,  and  I  concluded  that  it 
represented  some  particular  stage  in  the  multiplication  of  the  parasite 
in  the  bug.  I  made  no  further  observations  on  the  genesis  of  this 
stage. 

What  then  is  the  significance  of  this  stage  which,  if  once  seen, 
cannot  be  mistaken  again  ?  Before  answering  this  question,  it  is  necessary 
to  record  an  important  discovery  made  by  Mrs.  Adie  in  Shillong.  At  my 
request,  and  through  the  generosit3^of  the  Governing  Body  of  the  Indian 
Research  Fund  Association,  under  whom  Mrs.  Adie  has  been  working  for 
the  last  two  years,  she  came  to  Coonoor  to  discuss  and  show  me  the 
results  of  her  work  on  the  development  of  the  parasite  in  Cimex.  Mrs. 
Adie  has  succeeded,  by  feeding  bugs,  Cimex  lectiilarius,  on  splenic  juice, 
from  cases  of  Kala-azar,  in  discovering  an  intracellular  stage  of  the 
parasite  in  the  above  bug.  This  stage  is  the  thick  tail  first  discovered 
by  Cornwall  in  1916.  She  has  observed  flagellates  in  the  fresh  condition 
endeavouring  to  penetrate  cells  of  the  midgut  by  their  posterior  ends, 
ftnd  has  actually  observed  one  enter  a  cell.     She  has  also  observed  the 
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flagellates  in  cells,  and  has  found,  that  when  once  established  there,  thev 
become  the  thick  tail  described  by  Cornwall.  A  sheath  is  thrown  out  all 
an)und  the  flagellate,  which  now  rounds  up,  the  flagelluin  bein^  withdrawn 
into  the  sheath.  Divi.^ion  now  takes  place  and  the  flagellates  may  be 
seen  squirming  round  and  round  within  the  sheath  ;  the  daughter 
flagellates  leave  the  cell  and  swim  into  the  contents  of  the  midgut.  Mrs. 
Adie  has  pointed  out  to  me  that  this  stage  of  Herpetomonas  donovani 
is  very  similar  to  the  intracellular  stage  of  Trypanosoma  Jetoisi 
in  the  midgut  of  the  rat  flea,  C.  jasciatus,  described  by  Minchin  and 
ThouLson,  the  flagellate  pas.sing  into  a  cell,  posterior  end  first,  in 
onler  to  multiply. 

Mrs.  Adie's  discovery  at  once  clears  up  the  true  nature  oi  rlie  thick 
tail  first  found  by  Cornwall  readily  explaining  the  points  noted  by  him, 
and  which  I  have  quoted  above.  I  have  been  able  to  confirm  Mrs.  Adie's 
discovery  and  have  observed  flagellates  in  cells  of  the  midgut  ofCimex 
hemipleni.  the  process  of  thick  tail  formation  in  the  cell,  and  the  division 
of  the  parasite  within  the  sheath.  As  I  had  no  time  to  feed  bugs  on 
flagellates,  I  devi.sed  a  simple  technique,  which,  though  not  good  enough 
to  show  the  parasites  in  the  cells  in  sections,  is  an  excellent  way  to  see  the 
changes  in  the  fresh  and  in  stained  smears  of  the  midgut.  After  having 
seen  flagellates  actively  moving  in  the  contents  of  the  upper  part  of  a 
goblet  cell  of  the  mi<lgut.  and  others  burrowing  down  into  the  deeper 
parts  of  the  cell,  there  could  be  no  doubt  whatever  of  the  existence  of 
this  intracellular  .stage.  I  reali.se  that  in  order  to  obtain  good  sections 
showing  the  parasites  in  the  cells,  special  and  delicate  technique  will 
be  required  which  will  take  a  long  time  to  carry  out  ;  this  will  be 
postponed  to  another  occasion.  Further,  I  do  not  propose  describing 
the  changes  undergone  during  the  intracellular  stage,  but  will  leave 
Mrs.  Adie  to  do  this  in  due  course.  I  would,  however,  like  to  point 
out  here,  that  as  Cornwall  noted,  the  thick  tail  formation  is  not  .seen 
in  the  gut  of  any  other  blood -sucking  insect  e-xcept  Cimex  lieiniplera. 
This  change  doe.s  not  take  place  with  the  midgut  of  either 
Piilei  irrilans  oT  Pedicuhts  hutnanus.  This  is  then  the  final  proof  that 
Cimex  is  the  true  invertebrate  host  of  Herpetomonas  donovani. 

It  will  be  clear  now  that  the  thick  tail  is  part  of  an  intracellular 
stage  of  Herpetomonas  donovani  in  Cimex.  I  am  not  in  a  position  to 
give  the  tnie  explanation  of  why  some  flagellates  pa.ss  into  the  cells  in 
order  to  undergo  a  process  of  multiplication,  but  it  may  be  that  this  stage 
ia  necessary  in  order  to  escajK!  destruction  during  digestion,  when  the 
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bug  takes  the  next  meal  of  lilood.  It  will  be  remembered  that  by 
feeding  bugs  on  the  peripheral  blood  of  a  patient,  I  have  observed  the 
flagellate  stage  on  the  third  day,  and  that  if  such  bugs  are  fed  again 
on  human  blood  the  flagellates  disappear  from  the  midguts.  But 
if  in  some  of  these  bugs  the  flagellates  are  already  in  cells,  they  an; 
protected,  and  can  multiply,  and  again  reach  the  contents  of 
the  midgut,  when  the  blood  is  no  longer  inimical  to  them.  Further,  it 
is  quite  clear  that  this  intracellular  stage  does  not  take  place,  in  every 
bug,  for  it  is  only  in  the  midguts  of  a  small  proportion  that  one  finds 
them.  This  is  what  would  be  expected  for  it  is  exactly  what  happens 
in  the  case  of  Trypanosoma  lewisi  in  the  flea,  C.  fasciatus.  And 
it  will  be  remembered  that  in  the  case  of  T.  lewisi  the  intracellular 
stage  is  followed  in  due  course  by  smaller  forms  of  the  flagellates, 
and  it  is  only  when  this  phase  is  formed  in  the  rectum  of  the  flea  that 
r.  Jemst  is  infective  to  its  vertebrate  host,  the  rat.  It  is  important  to 
note  that  here  the  infection  is  not  acquired  by  the  bite  of  the  flea  for  the 
flagellates  never  pass  to  its  salivary  glands,  the  rat  only  becomes 
infected  when  it  either  licks  off  the  faeces  of  a  flea  containing  the  infective 
phase,  or  eats  a  flea  containing  these  forms.  So  it  is  very  probable  that  in 
the  case  of  Herpetomonas  donovani,  the  infective  form  only  follows  on  the 
intracellular  multiplication,  and  that  this  form  appears  later  in  the  hind 
intestine  and  rectum  of  the  bug.  I  have  never  found  any  parasites  in  the 
salivary  glands  of  heavily  infected  bugs,  and  very  few  parasites  in  the 
rectum,  so  that  I  believe  the  hind  intestine  in  this  case  is  the  part  selected 
for  the  infective  stage.     How  does  this  reach  the  skin  of  man  ? 

I  have  already  pointed  out  that  I  believe  Herpetomonas  donovani  is 
acquired  by  man  when  an  infected  bug  is  crushed  on  the  skin,  the  infective 
stage  gaining  entrance  into  the  jjuncture  produced  by  the  proboscis  of  the 
crushed  bug,  or  into  a  minute  abrasion.  That  bugs,  particularly  in  their 
early  stages,  are  crushed  on  the  human  skin  is  beyond  dispute,  so  that 
there  seems  no  difficulty  in  understanding  this  method  of  infection  ;  and  I 
believe  the  infective  stage  is  a  round  one. 

We  are  now  in  a  position  to  explain  some  of  the  puzzling  phenomena 
connected  with  the  spread  of  Herpetomonas  donovani  in  India.  I  have 
first  shown  that  the  parasite  only  flagellates  in  the  midgut  of  Cimex  and 
not  in  that  of  any  other  insect.  Next  I  have  been  able  to  prove  by 
cultural  experiments,  that  the  parasite  is  able  to  live  for  a  long  time  in 
the  alimentary  tract  of  the  bug,  41  days  in  the  midgut,  and  34  in  the 
hindgut,  and  that  these  results  were  obtained  in  two  bugs  out  of  a  large 
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rmiuber  fed  on  flagellates  ;  in  the  vast  majority  the  parasites  Iiad 
evidently  disappeared,  so  that  they  could  not  even  be  detected  i)y 
culture.  These  results  clearly  indicate  that  it  is  only  in  a  small 
percentage  of  infected  bugs  that  the  parasite  is  able  to  maintain  itself. 
Further  experiments  along  these  lines  might  quite  well  give  longer 
periods  of  survival  in  the  bug.  At  any  rate  we  can  understand  that 
a  larva  may  retain  the  infection  until  it  bccomesan adult,  a  period  of 
about  66  days.  And  we  know  that  the  adult  Cimex  c»n  live  for  many 
months  as  such,  so  that  it  is  even  possible  that  a  bug  infected  as  a  larva 
may  retain  the  infection  long  after  the  adult  stage  is  reached  and 
this  may  be  many  months.  The  existence  of  an  intracellular  stage 
in  a  small  percentage  of  bugs  would  explain  how  this  infective  stage  is 
produced.  I  have  also  shown  that  the  development  of  the  parasite  in 
the  bug  is  dependent  on  certain  temperature  conditions.  Taking  all 
these  established  facts  into  account  we  have  a  read)'  explanation  of 
why  Kala-azar  is  so  localized,  and  why,  although  the  bug  is  distributed 
throughout  India,  the  disease  is  only  found  in  certain  relatively 
small  areas.  We  also  know  that  it  is  not  every  case  of  Kala-azar  which 
can  infect  the  bug,  and  that  it  is  only  in  those  cases  in  which  there 
are  large  numbers  of  parasites  in  the  circulating  blood  that  they 
reach  the  midgut  of  the  bug  in  sufficient  numbers  and  there  become 
flagellates. 

It  has  always  been  difficult  to  explain  why  the  disease  has  not  spread 
more  than  it  has  outside  George  Town.  Madras,  but  when  we  remember, 
that  on  the  analogy  of  T.  lewisiinthe  flea  and  T.  gamhiensem  G.  palpalin 
it  is  perhaps  only  about  5  per  cent  of  bugs  or  even  less  which  become 
infective.  The  chances  of  these  five  being  carried  to  other  parts  is  small. 
And  we  must  remember  that  if  the  infection  is  acquired  when  a  bug  is 
crushed  on  the  skin,  one  bug  can  only  infect  one  person,  whereas  one 
infective  G.  palpalis  may  infect  every  person  it  feeds  on.  That  Kala-azar 
exists  in  other  parts  of  the  Madras  Presidency  is  certain,  and  the  reason 
why  its  exact  distribution  is  not  known  is  obviously  due  to  the  fact  that 
even  now  the  cases  are  not  accurately  diagnosed.  I  have  been  told  on 
good  authority  that  the  disease  has  become  establbhed  at  Rameswarain, 
and  if  this  is  true,  its  existence  there  calls  for  enquiry  for  it  is  conceivable 
it  may  spread  into  Ceylon. 

Once  established  in  any  locality  the  disease  only  spreads  slowly  for 
the  reason?  given  above  which  govern  its  spread.  Further  work  on  the 
life  hiatory  of  the  parasite,  and  particularly  the  number  of  bugs  which 
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become  infective  after  feeding  on  suitable  cases,  will  alone  clear  up  the 
remaining  mysteries  connected  with  its  spread  ;  the  lines  along  which 
such  enquiries  should  be  conducted  are,  however,  now  clear,  and  there 
should  be  no  difficulty  in  solving  all  these  doubtful  points. 

In  addition  to  these  lines  of  investigation,  and  particularly  to  the  one 
which  I  consider  is  most  likely  to  lead  to  the  discovery  of  the  percentage 
of  bugs  which  remain  infected  after  being  fed  on  the  peripheral  blood,  it 
will  be  very  necessary  to  study  the  development  of  the  parasite  in  bugs 
fed  in  the  ixatural  way  on  the  peripheral  blood  of  suitable  cases  of  Kala- 
azar  in  order  to  study  the  intracellular  stage  under  these  conditions,  and 
the  resulting  forms  which  render  the  bug  infective.  Mrs.  Adie's  discovery 
was  made  by  feeding  bugs  on  splenic  juice  which  contained  a  large  number 
of  parasites,  and,  like  Cornwall,  I  have  recently  fed  bugs  only  on 
flagellates.  Although  I  never  saw  the  thick  tail  in  bugs  fed  on  the 
peripheral  blood  in  Madras,  I  have  little  doubt  it  will  be  found  in  bugs 
fed  in  this  way.  I  undoubtedly  missed  it  because  I  did  not  examine  a 
sufficient  number  of  midguts  in  the  fresh  condition.  In  the  stained 
smears  the  thick  tail  is  easily  miFsed  unless  one  knows  exactly  what  to 
look  for. 

In  carrying  out  feeding  experiments  with  bugs  on  the  peripheral 
blood  of  cases  of  Kala-azar,  it  is  very  important  to  feed  them  only  on 
those  cases  in  which  there  are  a  large  number  of  parasites  in  the  circulating 
blood.  Several  blood  films  should  be  taken  at  the  time  the  bugs  are  fed, 
and  the  number  of  parasites  recorded.  From  very  considerable  experi- 
ence of  such  experiments,  I  know  that  it  is  quite  useless  feeding  bugs  on 
patients  in  whose  circulating  blood  there  are  very  few  jjarasites,  such  as  6 
to  12  in  each  blood  film  ;  only  those  cases  which  show  from  20  to  100  or 
more  parasites  in  a  film  of  finger  blood  should  be  used  for  such  feeding 
experiments.  This  has  nbt  been  done  by  any  observer  in  India,  but  on 
the  contrary  unnecessary  discredit  has  been  thrown  on  my  work  on  the 
development  of  the  parasite  in  Cimex  by  the  recording  of  dissections  of 
bugs  fed  on  the  blood  of  cases  (f  Kala-azar  containing  very  few  or  no 
parasites  in  films  of  finger  blood.  For  instance,  Mackie  states  he  examined 
the  alimentary  tracts  of  1,512  wild  bugs  collected  from  Kala-azar  houses 
in  Assam  and  failed  to  find  any  parasites  in  them.  He  also  records 
having  dissected  322  young  laboratory  bugs  fed  on  cases  of  Kala-azar  with 
negative  results,  except  in  the  case  of  two  bugs,  but  no  mention  is  made 
as  to  whether  films  of  finger  blood  taken  at  the  time  the  bugs  were  fed 
contained  any  parasites,      There  is  no  proof  that  the  bugs  collected  from 
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the  Kala-azar  houses  had  even  fed  on  tlie  diseased  people,  and  mucli  less 
that  the  patients'  blood  contained  i>arasite8.  It  is  only  to  be  expected 
that  dissection  of  bugs  fed  in  this  way  would  be  negative.  In  my  opinion 
such  experiments  are  valueless,  and  cannot  be  brought  as  evidence 
against  the  development  of  the  parasite  in  the  bug.  In  any  case  they 
represent  very  crude  methods  of  investigation.  Yet  it  is  these  very 
negative  results  of  Mackie's  which  arc  quoted  as  proof  that  the  bug 
cannot  be  the  carrier  of  the  parasite  in  Nature. 

Having  once  worked  out  the  intracellular  stage  in  bugs  fed  under 
natural  conditions,  and  determined  the  part  of  the  alimentary  tract 
where  the  infective  forms  finally  come  to  rest,  it  will  be  very  necessary  to 
try  and  infect  animals.  I  would  suggest  that,  in  the  (irst  instance,  the 
part  of  the  alimentary  tract  containing  these  forms  .should  be  dissected 
out  intact,  teased  up  in  sterile  normal  saline  solution,  drawn  up  into  a 
sterile  glass  pipette,  and  the  gut  and  contents  inoculated  under  the  skin 
of  young  monkeys  and  dogs.  Later,  infected  bugs  should  be  crushed  on 
the  skins  of  other  monkeys  over  a  spot  where  bugs  have  inserted  their 
proboscides.  It  would  be  necessary  to  examine  the  bone  marrow  of  all 
the  monkeys  both  microscopically  and  culturally  at  regular  intervals,  for 
the  di>'ease  is  often  latent  in  these  animals,  and  no  symptoms  may 
develop.  Infection  of  these  animals  even  with  rich  splenic  fluid  often 
fails,  so  that  a  large  number  would  have  to  be  experimented  with. 

I  have  crushed  a  large  number  of  infected  bugs  on  the  skins  of 
monkeys  at  the  Pasteur  Institute,  Coonoor,  but  so  far  with  negative 
results.  But  I  now  see  that  as  the  bugs  were  crushed  soon  after  the 
infected  feed  the  parasites  would  in  all  probability  still  be  in  their 
intracellular  stage  ;  and  it  is  most  unlikely  that  this  stage  would 
infect  any  animal,  and  man  for  the  matter  of   that. 

Before  passing  on  to  the  Oriental  Sore  problem,  it  is  necessary  to 
refer  to  Franca's  recent  work  on  the  life  history  of  Herpetomonas  davidi 
in  Stenocephalus  agilis.  It  will  be  remembered  that  this  parasite  causes 
a  diseased  condition  in  several  species  of  Euphorbia,  the  parasite  living  in 
the  latex  juice  of  the  plant.  Franca  finds  that  the  parasite  after  under- 
going a  process  of  multiplication  in  the  alimentary  tract  of  the  little 
plant  bug,  which  feeds  on  the  latex  juice  of  Euphorbia,  passes  to  the 
balivary  glands.and  that  it  is  introduced  into  a  healthy  plant  when  an 
infected  bug  pierces  the  outer  layers  of  the  plant  stem.  He  lays  great 
stress  on  the  local  lesion  which  develoj's  at  the  site  of  the  puncture 
made  by  the  proboscis  of  the  bug,  and  finds  the    parasites   are    first 
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localized  before  iuvading  the  latex  juice.  I  have  all  along  held  the  view 
that  there  is  a  local  lesion  in  the  case  of  infection  with  Herpetomonns 
donovaniva  the  skin  at  the  site  of  the  entry  of  the  parasite.  This  lesion, 
however,  never  develops  into  the  characteristic  papule  produced 
by  Herpetomonas  tropica,  but  soon  disappears.  Such  a  lesion  would  be 
small  and  easily  overlooked. 

It  is  interesting  to  note  that  Franca  believes  that  Stenocephnlus 
agilis  is  the  true  host  of  Herpetomonas  davidi.  It  is  very  possible  also 
that  this  species  has  an  "intracellular  stage  in  the  cells  of  the  midgut  of 
Stenocephalus. 

The  Oriental  Sore  Problem. 

The  fact  that  the  parasite  of  Oriental  Sore  is  indistinguishable  from 
that  of  Kala-azar  has  led  many  to  believe  that  they  are  identical,  and  it 
has  been  suggested  by  Mauson  and  others  that  Oriental  Sore  may  be 
but  a  modified  form  of  Kala-azar  analogous  to  the  well  known  Vaccinia 
and  small  pox.  There  can,  however,  be  little  doubt  that  the  two  para.sites 
are  distinct,  their  structural  similarity  only  being  superficial.  The 
writer  knows  a  case  of  an  officer  who  contracted  Oriental  Sore  on  the 
Indian  Frontier,  and  later  Kala-azar  in  Assam,  so  that  there  does  not 
seem  to  be  any  protection  aiiorded  from  an  attack  of  the  former  against 
the  latter. 

The  parasite  which  causes  Oriental  Sore  in  India  should  be  known  as 
Herpetotnonasjarunculosa,  as  it  was  first  described  by  Firth  in  1891,  aufl 
like  its  ally  H.  donovani  it  is  an  insect  flagellate.  In  India  this  parasite 
occurs  on  the  Western  side,  all  along  the  frontier  and  the  course  of  the 
Indus  and  its  tributaries  ;  its  exact  eastern  limit  is  not  known,  but  it 
reaches  as  far  south  as  Cambay.  It  is  very  easily  acquired  in  such  a  place 
as  Cambay  where  it  is  only  necessary  to  spend  a  night  during  the  cold 
weather,  and  six  months  later  a  small  papule  ajjpears  on  some  exposed 
surface  of  the  body.  When  in  Cambay  I  was  able  to  investigate  a 
number  of  cases  which  clearly  proved  this.  The  exact  nature  of  the 
lesion  is  never  recognized  until  it  has  persisted  for  some  time,  then 
medical  advice  is  sought  and  the  real  nature  of  the  nodide  diagnosed 
by  the  finding  of  the  parasite. 

I  examined  a  large  number  of  sores  and  scars  in  Cambay,  and  found 
that  they  occurred  on  all  parts  of  the  body  except  the  genital  organs,  the 
palms  of  the  hand  and  the  soles  of  the  feet.  The  photographs  accom- 
panying this  paper,  which  were  very  kindly  taken  by  Mr.  Avari  of  the 
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Bacteriological  Laboratory,  Pare),  give  a  good  iiloa  of  the  distribution  of 
the  lesion  on  the  body.  Plate  LI  illustrates  a  number  of  typical  sores. 
Fig.  1  shows  a  sore  of  about  si.x  mouths'  duration  on  the  cheek  of  a  girl 
close  to  the  mouth  ;  it  contained  large  numbers  of  jMrasites,  and  the 
central  part  waa  covered  with  a  thick  crust  which  appears  dark  in  the 
photo.  Fig.  2  shows  a  large  fungating  sore  on  the  nose  of  a  little  boy  ;  it 
had  persisted  for  about  li  months,  and  parasites  were  only  found  in  small 
numbers  at  the  margins,  the  whole  of  the  central  part  having  ulcerated. 
Fig.  3  shows  a  typical  excavated  sore  on  the  cheek  of  a  boy  near  the  angle 
of  the  jaw  ;  the  parasites  were  recovered  in  small  numbers  from  the 
raised  edges.  Fig.  i  illustrates  a  very  interesting  sore  on  the  scalp  of  a 
boy,  a  very  unusual  site.  It  had  a  small  central  ulcerated  area  and  many. 
parasites  were  found  on  puncturing  it.  The  photograjjhs  on  Plate  LII 
illustrate  some  typical  scars  on  the  legs  and  arms  of  school  boys  in 
Cambay.  Fig.  1  is  that  of  a  little  boy  who  had  one  sore  on  the  anterior 
surface  of  the  left  thigh,  and  another  on  the  upper  surface  of  the  left 
forearm  ;  it  was  from  the  former  that  the  author  inoculated  himself  in 
1910.  Fig.  2  shows  some  scars  on  the  arms  of  two  boys  ;  that  on  the  left 
has  one  scar  on  the  anterior  surface  of  the  upjier  arm,  that  on  the  right  a 
large  scar  on  the  dorsal  surface  of  the  wrist  and  another  a  little  higher  up. 
Fig.  3  Ls  a  photograph  of  the  thighs  of  two  boys  with  some  typical  scars, 
that  on  the  right  has  one  which  has  only  j ust  healed.  Plate  LIll  illustrates 
some  scars  on  the  face.  Fig.  1  Ls  a  photograph  of  a  little  European  boy 
who  lived  in  Cambay  and  contracted  a  sore  on  his  right  cheek,  and  which 
left  an  ugly  scar.  Fig.  2  is  that  of  a  youth  who  had  two  scars  on  his  face, 
one  on  the  bridge  of  the  nose  and  the  other  on  the  cheek.  Fig.  3  is  a 
photograph  of  a  man  who  had  a  scar  on  the  side  of  the  nose,  the  sore 
having  been  contracted  when  he  was  a  boy,  and  which,  as  will  be  seen,  has 
destroyed  a  part  of  the  nose.  Fig.  4  is  a  photograph  of  a  fakir  who  came 
to  Cambay  to  collect  some  of  the  famous  Cambay  stones  to  make  a  chain  ; 
he  left  the  town  with  the  seal  of  Cambay  as  the  scar  is  locally  known,  on 
his  left  hand.  Plate  LIV,  Fig.  1,  shows  a  typical  scar  in  the  centre  of  the 
forehead.  Fig  2  another  on  the  ear,  also  an  unusual  site  for  a  sore. 
Fig.  3  shows  a  large  irregular  scar  on  the  right  temple  of  a  man,  and  in 
Fig.  4  are  shown  some  scars  on  the  faces  of  two  boys.  Fig.  1,  Plate  LV; 
illustrates  a  large  scar  on  the  chest  of  a  boy.  Fig.  2  a  scar  on  a  boy's 
back,  an  uncommon  .site  for  a  sore.  Fig.  3  a  large  scar  on  the  upi)er 
external  surface  of  the  thigh  of  a  boy,  and  Fig.  4,  two  scars  on  t  be  lr»weT 
part  of  the  chest  of  another  bov. 
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It  will  be  noted,  among  other  things,  from  these  photographs  that 
though  sores  are  most  commonly  found  on  the  exposed  parts,  such  as  the 
face,  legs,  arms,  they  do  sometimes  occur  on  the  scalp,  chest  and 
abdomen. 

The  figures  on  Plate  LVl  illustrate  some  interesting  appearances  seen 
in  smears  made  by  puncturing  sores  in  various  stages  of  development, 
and  staining  them  with  Romanowsky's  stain.  Fig.  1  shows  a  large 
inacrophage  containing  62  jjarasites  from  a  smear  taken  from  a  recent 
sore.  These  large  cells  are  sometimes  seen  so  full  of  parasites,  that  there 
can  be  very  little  doubt  that  they  ru^jture,  portions  of  the  protoplasm 
with  a  number  of  parasites  in  them  breaking  away.  Fig.  2  shows 
another  macrophage  containing  49  parasites.  In  many  of  these  cells  it 
will  be  noted  that  the  parasites  are  enlarged,  the  blepharoplast  and  the 
nucleus  appearing  to  be  on  the  point  of  dividing,  so  that  there  can 
be  very  little  doubt  that  the  parasites  multiply  in  the  cells  and  thus 
eventually  lead  to  their  bursting.  Figs.  3,  4,  5  and  9  rejireseut  an 
appearance  sometimes  seen  on  the  macrophages  in  young,  actively 
growing  sores  before  they  become  ulcerated.  The  parasites  are  enclosed 
in  what  appear-;  to  be  a  capsule  suggesting  a  process  of  sporulation,  but 
in  reality  the  whole  mass  represents  a  part  of  the  protoplasm  of  another 
macrophage  which  has  ruptured,  and  the  detached  portion  has  been 
engulj^hed  by  another  cell.  Fig.  9  shows  one  of  these  sporulating 
masses  as  seen  free  in  a  smear  from  a  sore  ;  it  is  part  of  the  protoplasm 
of  a  macrophage  which  haa  ruptured.  Fig.  6  illustrates  a  single 
parasite  in  a  polymorphonuclear  leucocyte,  and  Fig.  7  another  in  a 
large  mononuclear,  both  were  recovered  in  a  smear  from  the  edge 
of  a  sore.  Fig.  8  is  a  large  macrophage  showing  degenerating 
parasites  in  its  protoplasm.  It  will  be  noted  that  the  outlines 
of  most  of  the  parasites  have  disappeared  and  only  the  nuclei  and 
blepharoplasts  can  be  seen,  when  stained  with  Romanowsky's  stain. 
These  cells  are  commonly  seen  in  smears  from  sores  which  are  about  to 
heal  up,  showing  that  the  parasites,  having  ceased  to  nuiltiply,  are  now 
degenerating.  Fig.  10  is  a  large  mononuclear  containing  two  parasites 
which  was  found  in  a  film  made  from  the  peripheral  blood  of  a  patient  with 
a  young  actively  growing  sore.  Figs.  11,  14,  and  15  illustrate 
polymorphonuclear  leucocytes  containing  many  parasites  from  the  margin 
of  a  young  sore.  Figs.  13  and  16  illustrate  two  large  mononuclears,  one 
with  a  single  parasite,  the  other  with  two,  also  from  the  margin 
of  a  young  .sore.     It  will  be  noted  from  these  drawings  that  large  numbers 
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nf  parasites  may  be  picked  up  both  by  polymorphonuclear  and  larno 
mononuclear  leucocytes,  and  there  seems  no  reason  to  doubt  that  these 
may  timl  their  way  into  the  circulating  blocd.  The  fact  tiiat  I  have 
found  the  parasite  in  a  film  made  from  tiie  peri|)lieral  blood  supports  this 
view.  It  would  be  interesting  to  culture  tiie  peripheral  blood  of  a 
{mtieut  with  one  or  more  sores  in  an  active  stage  on  NNN  medium 
to  see  to  wliat  extent  ,  arasite  is  carried  into  the  blocd.  1  believe, 
if    this     were     done,  '      frequently    positive    results     would    be 

obtained. 

It  is  ne.xt  necessary  to  consiiler  how  and  from  what  source  the 
I>arA.'.-ite  enters  the  human  skin.  And  here  r.gain,  as  in  the  cn.se  of 
Herjtetomonais  donoviini,  we  must  start  from  the  [Standpoint  that  the 
Dircsite  is  an  insect  Hagellate  belonging  to  the  sr.nie  genus,  and  that  the 
flagellate  stage  is  pa.ssed  outside  the  human  body.  I  do  not  for  a  moment 
believe  that  the  i)arasite  is  transmitted  from  man  to  man  by  direct 
contact,  thus  excluding  an  insect  jihase  in  its  life  histoiy,  and  more  than 
nine  months*  residence  in  Cambay  convinced  me  that  this  never  occurs  in 
nature.  It  is  true  a  patient  does  re-infect  himself  by  traiiMfcningiiome  of 
the  parasite-laden  discharge  on  his  nails  from  a  uore  to  any  small  abrasion 
or  scratch  on  another  part  of  his  body.  This  regularly  takes  place,  and  it 
is  quite  common  to  see  a  patient  with  multiple  sores.  This  occurs 
quite  aj)art  from  re-infection  in  the  natural  way,  for  I  have  had  a  case 
under  my  observation  in  JIadras  where  Oriental  Sore  does  not  occur. 
This  man  was  infected  by  me  from  my  own  sore  in  Madras,  and  had 
never  been  in  Cambay  or  any  other  Oriental  Sore  locality.  During  the 
time  his  sore  was  discharging  living  parasites  in  the  serous  fluid  exuding 
from  it,  he  unconsciously  transferred  the  parasites  to  other  parts  of  his 
body  when  scratching  himself.  There  could  be  no  doubt  as  to  the  nature 
of  the  secomlary  sores,  which  were  about  twelve  in  number  and  scattered 
all  over  his  body,  because  I  found  the  parasite  in  smears  from 
them. 

If  then  we  exclude  infection  from  man  to  man  by  contact,  a  method 
of  infection  which  I  am  convinced  never  happens  in  nature,  we  must 
assume  that  the  parasite  passes  out  of  the  human  body,  and  finding 
itself  in  a  suitable  environment  becomes  a  flagellate.  Can  th  •  parasite  be 
acquired  by  being  ingested  in  food,  etc.  ?  This  would  assume  that  it  passes 
through  the  wall  of  the  stomach  into  the  blood  and  then  reaches  the  skin. 
This  method  of  infection  can,  however,  I  am  sure,  be  ignored  without  any 
further  comment,  as  being  impossible.     We  u.ust  then  assume  that  tLe 
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parasite  is  either  directly  inoculated  into  the  skin  or  deposited  on  it 
through  the  medium  of  an  insect.  Let  us  now  consider  the  most 
probable  way  in  which  this  may  happen. 

House  flies  such  as  Musca  nebulo,  Miisca  humilis,  and  the  eye  fly, 
Siphunculina  funicola  are  attracted  to  the  discharge  from  these  sores, 
readily  feeding  on  the  serous  fluid.  In  a  suitable  case  this  discharge  is 
loaded  with  living  parasites,  and  it  will  be  readily  understood  that  these 
insects  would  infect  themselves  by  ingesting  large  numbers  and  also 
contaminate  their  legs,  etc.  In  the  case  of  Musca  nebulo,  I  have  shown 
that  the  parasite  never  flagellates  in  the  flies*  alimentary  tract  and  never 
reaches  the  rectum  in  a  living  condition,  so  that  it  is  difiicult  to  understand 
how  it  could  infect  a  clean  cut.  I  endeavoured  in  Cambay  to  infect 
myself  by  allowing  flies  to  settle  on  cuts,  etc.,  after  having  walked  over  a 
suitable  sore,  but  the  cuts  never  developed  into  sores.  I  feel  certain  the 
same  would  happen  in  the  case  of  the  other  two  species  mentioned. 
In  the  case  of  the  eye  fly,  however,  it  should  be  noted  that  it  is 
infected  with  a  species  of  Herpetomonas  described  in  this  Journal.  This 
parasite  is  clearly  not  connected  with  that  of  Oriental  Sore,  but  is  a 
distinct  species.  It  is  common  in  the  eye  fly  in  Madras  yet  Oriental 
Sore  does  not  occur  there.  From  my  observations  in  Cambay,  I  came 
to  the  conclusion  that  as  the  parasite  never  flagellates  in  the  alimentary 
tract  of  Musca  nebulo  and  cannot  even  survive  in  it,  that  the  house 
fly  plays  no  part  in  the  transmission  of  the  parasite. 

As  there  are  no  other  insects  which  are  litely  to  become  infected 
directly  from  the  sore  by  feeding  on  it,  or  the  discharge  from  it,  we  must 
assume  that  the  parasite  may  be  sucked  up  by  a  blood -sucking  insect. 
The  most  likely  insects  are  as  follows  : — 

1.  Mosquitoes. 

2.  Sand  Flies  (Phlebotomus). 

3.  Lice. 

4.  Fleas. 

5.  Bugs. 

Mosquitoes. — I  have  not  experimented  ^vithany  species  of  mosquito 
by  feeding  it  on  the  blood  of  a  patient,  so  am  unable  to  say  whether  the 
parasite  would  develop  into  a  flagellate  in  its  alimentary  tract.  It  is 
true  Wenyon  claims  to  have  recovered  the  parasite  of  Oriental 
Sore  in  its  flagellate  stage  in  Stegomrjia  by  feeding  this  mosquito  on  sores 
at  Bagdad  ;  I  have  no  doubt,  however,  that  the  flagellate  seen  by  him  is 
nothing  more  than  a  natural  Herpetomonad  of  Stegomyia.     The  fact  that 
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he  never  observed  the  round  atages  of  the  parasite  of  Oriental  Sore 
developing  into  a  flagellate  in  the  midgut  of  the  mosquito,  stages  which 
should  have  been  seen  if  he  were  dealing  with  this  parasite  and  not  a 
natural  one,  supports  my  interpretation  of  his  findings.  The  evidence 
in  favour  of  the  parasite  being  transmitted  by  a  mosquito  is  not  very 
convincing,  and  I  believe  these  insects  may  be  safely  excluded  as  being 
the  carriers  of  the  jxirasite  of  Oriental  Sore  in  India. 

Sand  Flies  (Phlebotomus). — The  sand  fly  has  been  incriminated  as  a 
carrier  of  the  parasite  by  a  number  of  observers  in  different  parts  of  the 
world,  mainly  on  epidemiological  grounds.  As  is  well  known  these  flies 
bite  on  the  exposed  parts  of  the  body,  w^here  Oriental  Sores  nearly  alwavs 
develop.  No  one  has,  as  far  as  lam  aware  yet,  been  able  todemonstratc 
that  the  parasite  will  develop  into  a  flagellate  in  the  midgut  of  the  sand  fly. 
As  the  possibility  of  the  sand  fly  ingesting  the  jmrasite  in  the  circulating 
blood  of  a  patient  with  a  sore  was  considered  reuwte,  it  was  necessary  to 
explain  how  it  becomes  infected.  It  is  well  known  that  these  flies  feed  on 
the  blood  of  house  lizards  belonging  to  the  Family  Gekonidae,  and  here 
was  a  possible  source  from  which  they  might  acquire  the  parasite.  This 
view  has  led  to  a  number  of  observations  on  the  Gekonidae  as  the  possible 
reservoirs  of  the  parasite.  A  species  of  Herpelomonas  has  been  found  in 
the  organs  of  the  house  gecko,  Tarenlola  mauiilunica,  by  a  number  of 
French  observers  in  North  Africa,  and  the  conclusion  was  drawn  that  tiiis 
gecko  was  in  all  probability  the  reservoir  of  the  parasite  of  Oriental  Sore 
in  that  country,  much  in  the  same  way  as  many  antelopes  are  the  reservoir 
of  Trypanosoma  gamhiense.  Such  an  hypothesis  would  at  first  sight 
appear  to  be  a  very  suggestive  one,  but  unfortunately  no  one  has  yet 
succeeded  in  finding  this  Herpelotnonas  in  the  peri2)heral  blood  of  this 
gecko  ;  and  I  note  with  interest  that  NicoUe  has  now  abandoned  this 
hypothesis,  and  believes  the  gecko  can  play  no  part  in  spreading  the 
parasite.  The  possibility  of  the  sand  fly  itself  being  the  reservoir  of  the 
parasite  of  Oriental  Sore  cannot  be  ignored,  as  1  will  now  point  out. 
In  Mesopotamia,  where  Oriental  Sore  is  very  common  and  widely  distri- 
buted, the  sand  fly  seemed  to  me  the  only  possible  insect  which  could  be 
the  host  of  the  parasite.  I  have  already  pointed  out  that  two  species  of 
Phlebotomus,  P.  papatasii enM  P.  minutxis  are  known  to  be  naturally 
iniecte<I  with  species  of  Herpetomonas,  II.  phlebolotni  in  P.  minutus  n\ 
India  (Assam  and  not  Madras),  and  H.  sp  ?,  in  P.  papalasii  in  Palestine 
and  probably  in  Mesopotamia.  Can  these  species  of  Herpelomonas 
themselves  be  but  the  insect  phase  of  the  parasites  of  Oriental  Sore  in 
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India  aud  Mesopotamia,  and  if  so,  how  do  they  become  pathogenic  to 
man  ?  I  believe  that  the  parasite  of  Oriental  Sore  in  Mesopotamia  is  the 
vertebrate  phase  of  the  Herpelomonas  of  Phlebolomus  fapatasii,  and  that 
it  penetrates  into  the  skin  of  man  when  an  infected  Phlebotomiisisi  crushed 
on  the  skin.  Any  one  who  has  been  in  that  country  will  know  that 
during  the  sand  fly  season  the  fly  is  daily  crushed  on  the  skin,  when  it  U 
in  the  act  of  biting.  Owing  to  the  small  size  of  the  fly,  it  is  often 
overlooked,  but  the  immediate  stinging  sensation  caused  by  the  bite 
directs  the  victim  to  the  spot  and  the  fly  is  crushed  almost  every  time  ; 
once  the  sand  fly  has  begun  to  suck  blood  it  is  not  readily  disturbed 
until  it  has  become  replete.  At  present  this  is  only  a  hypothesis,  but  it 
is  one  which  lends  itself  to  easy  proof,  and  I  hope  this  will  be  done. 
Some  support  for  this  explanation  of  the  method  by  which  the 
parasite  of  Oriental  Sore  is  acquired  has  been  given  by  a  recent 
experiment  recorded  by  Laveran  and  Franchini.  These  observers 
have  succeeded  in  infecting  an  adult  dog  with  a  local  lesion  by 
inoculating  it  with  the  Herpetomonas  of  Phlebolomus  papatasii  ;  the 
parasite  was  recovered  in  the  cells  in  the  lesion  and  was  exactly 
identical  with  that  of  the  well-known  parasite  of  Oriental , Sore . in 
man.  I  consider  a  similar  experiment  should  be  carried  out  in  the  case  of 
man. 

Is  the  sand  fly  in  India  the  reservoir  of  the  parasite  of  Indian  Oriental 
Sore  ?  I  am  unable  to  express  any  opinion  on  this  question  for  the  reason 
that  no  species  of  Phlehotomus  has  been  found  to  be  infected  with  Herpeto- 
monas in  that  part  of  India  where  Oriental  Sore  occurs.  In  Cambay  the 
sand  fly,  Phlebolomus  minutus,  was  scarce  and  diSicult  to  obtain,  so 
that  I  was  not  able  to  make  any  observations  on  it.  So  far  as  I  was  able 
to  discover  it  is  absent  in  Cambay  during  the  cold  weather,  from  November 
to  February,  when  the  parasite  of  Oriental  Sore  is  acquired,  so  that  it 
would  appear  to  be  an  unlikely  source  of  the  parasite.  It  is  interesting 
to  note  that  though  according  to  Mackie  10  per  cent  of  Phlebotomus 
minutus  are  infected  with  Herpetomonas  phlebotomi  in  Assam,  Oriental 
Sore  is  not  endemic  in  that  country.  It  may  be  that  temperature 
conditions  are  unsuitable  to  the  propagation  of  the  parasite,  or  it  may  be 
that  this  species  of  Herpetomonas  is  not  one  which  has  yet  become 
pathogenic  to  man.  Perhaps  after  all  the  species  found  in  Phlebotomus 
papatasii  is  the  only  one  which  can  live  in  the  human  skin.  Experiments 
in  this  direction  in  India  would  unquestionably  lead  to  some  valuable 
and  interesting  results. 
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Lice.  I  am  convinced  that  lice  c'o  not  ])lay  any  part  in  the  trans- 
mission of  the  parasite  of  Oiiental  Sore  in  India,  for  all  my  observations 
at  Caml)ay  in  this  direction  were  negative. 

Fleas.  -  The  same  may  be  said  regarding  fleas.  There  is  no  evidence 
that  any  species  of  flea  is  the  invertebrate  host  of  the  parasite.  I  consider 
that  any  experiments  with  thesa  insects  would  be  a  waste  of  time. 

Bugs. — Citnexhemiptera  is  the  only  species  of  bug  which  is  likely  to  be 
concerned  in  the  transmission  of  the  parasite  in  t'ambay.  It  will  be 
remembered  that  by  feeding  this  species  on  the  peripheral  blotd  in  the 
neighbourhood  of  a  sore.  I  was  able  to  observe  the  development  of  the 
parasite  from  the  unchanged  condition  in  a  leucocyte  into  a  typical 
flagellate  ;  this  change  only  takes  place  in  the  midgut  of  the  bug  at  a 
temperature  below  25°C.  It  is  a  .striking  fact  that  Oriental  Sore  only 
occurs  in  those  parts  of  India  where  there  is  a  decided  cold  weather,  the 
tempeiature  for  several  months  of  the  year  being  well  below  25°C.  The 
fact  that  the  parasite  will  flagellate  in  Cimex  hemiptera,  but  only  under 
a  certain  temperature,  and  that  this  temperature  corresponds  to  the 
distribution  of  the  parasite  in  India,  is  in  my  opinion  very  strong 
evidence  that  the  bug  is  the  invertebrate  host  of  H.  tropicu. 

In  another  paperin  this  Journal  I  have  described  with  LaFrenais  and 
Sundara  Rao  the  change  undergone  by  the  parasite  in  the  alimentary 
tract  of  the  Cimex  hemiptera  as  seen  in  stained  smears  of  the  contents  on 
successive  days  after  a  feed  on  flagellates.  From  these  appearances  it 
was  concluded  that  the  parasite  rounds  up  towards  the  end  of  a  feed,  and 
that  it  tends  to  disappear  after  a  time.  In  a  nymph  fed  six  days  after 
the  original  feed,  it  was  found  that  there  were  many  rounded  young 
flagellates  multiplying  in  the  fresh  blood,  thus  producing  an  intense 
infection  of  the  midgut.  But  heie  as  in  the  case  of  the  j)arasite  of  Kala- 
azar  it  was  realised  that  the  examination  of  the  contents  of  the  alimentary 
tracts  of  bugs,  both  in  the  fresh  and  stained  condition,  in  the  first  place 
would  not  be  likely  to  lead  to  any  satisfactory  results,  and  instead  the 
different  parts  of  the  alimentary  tracts  of  bugs  which  had  fed  on  flagellates 
were  cultured.  A.s  in  the  case  of  the  parasite  of  Kala-azar  it  was  possible 
to  find  out  how  long  the  parasite  could  live  in  the  alimentary  tract  of  the 
bug. 

In  adult  bugs  fed  on  young  cultures  of  Ilerpelomonas  tropica,  and  not 
refed  on  human  bloinl,  the  parasite  was  recovered  on  the  'iSrd  day  from 
the  various  parts  of  the  alimentary  tract  of  a  bug  ;  nymphs  and  larva 
were  not  experimente<l  with.     In  the  case  of  bugs  fed  on  flagellates  and 
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then  refed  at  intervals  on  clean,  human  blood  the  following  results  were 
obtained.  A  positive  culture  was  obtained  from  the  contents  of  the 
midgut  and  rectum  of  an  adult  bug  34  days  after  the  infected  feed,  and  44 
days  from  the  contents  of  the  hindgut.  A  positive  result  was  obtained 
from  the  contents  of  the  midgut  of  a  nymph  31  days  after  the 
infected  feed,  and  from  the  contents  of  the  hindgut  and  rectum  36  days 
after  the  infected  feed.  In  the  case  of  the  larvae  a  positive  result  was 
obtained  on  the  9th  day  after  the  original  feed,  the  bug  having  fed  as  a 
larva.  From  these  results  it  will  be  noted  that  the  parasite  can  live  as  long 
as  44  days  in  the  hindgut  of  the  bug,  a  result  which  is  very  similar  to 
that  of  the  parasite  of  Kala-azar. 

As  soon  as  I  was  able  to  confirm  Mrs.  Adie's  discovery  of  an  intracel- 
lular stage  of  H.  donovani  in  the  cells  of  the  midgut  of  C  hemiptera,  it 
occurred  to  me  that  a  similar  method  of  development  might  take  place  in 
the  case  of  Herpetomonas  tropica.  Aird  there  seemed  every  reason  to 
believe  this,  for  Cornwall  has  shown  that  this  parasite  also  becomes  a  thick 
tail  in  the  alimentary  tract  of  Cimex,  and  not  in  the  midguts  of  several 
blood -sucking  insects  he  experimented  with  ;  and  I  have  myself  seen  this 
stage  in  the  alimentary  tract  of  Cimex  hemiptera  after  a  feed  of  the  flagel- 
lates of  H.  tropica.  The  technique  adopted  for  the  study  of  the  intracel- 
lular stage  of  H.  donovani  was  at  once  tested  in  the  case  of  H.  tropica 
vnth  excellent  results.  In  this  way  it  was  possible  to  observe  the  intracel- 
lular stage.  The  flagellates  here  also,  on  entering  a  cell,  develop  a  sheath 
and  then  curling  up  become  round  ;  the  movements  of  the  flagellum 
within  the  sheath  produce  the  characteristic  thick  tail.  The  encapsuled 
flagellate,  while  coiled  up  in  its  capsule,  divides  and  several  daughter 
flagellates  are  produced,  which  in  time  leave  the  cell  by  the  rupture  of  the 
capsule  ;  it  is  common  to  find  a  number  of  empty  capsu  es  lying  about  in 
a  fresh  preparation.  Although  I  have  not  observed  a  flagellate  of  H. 
tropica  actually  pass  into  a  cell,  the  examination  of  many  fresh  and 
stained  midguts  have  left,  no  doubt  of  the  existence  of  this  intracellular 
multiplication.  I  hope  on  another  occasion  to  take  up  the  study  of  this 
.stage  and  to  cut  sections  of  infected  midguts. 

From  these  observations  it  is  now  clearly  established  that  both 
H.  donovani  and  H.  tropica  behave  in  exactly  the  same  way  in  the  midgut 
of  Cimex  hemiptera.  I  have  little  doubt  that  many  of  the  forms  I  have 
illustrated  in  another  paper  with  LaFrenais  and  Sundara  Rao  on  the 
behaviour  of  this  parasite  in  the  alimentary  tract  of  the  bug,  represent 
further,  and  perhaps  the  final,  stage  in  the  development  in  the  bug. 


ir.  S.  Pation.  631 

How  is  the  parasite  transmitted  to  man  by  the  bug  ?  After  infecting 
bugs  fed  on  ricli  cultures  of  llfijH-tomonds  tropica,  I  liave  searclied  in  vain 
iuthesalivaryglandsforparasites.sdthat  it  isdillicult  to  understand  how 
the  parasite  could  be  transmitted  by  t  he  bite  of  the  bug.  Further,  I  have 
fe<l  large  numbers  of  infected  buga  on  the  human  subject  also  with 
negative  results,  so  that  I  think  this  method  of  infection  may  be  safely 
excluded.  The  onh'  other  way  an  infected  bug  can  convey  the  infection 
is  when  it  is  crushed  on  the  skin.  In  my  preliminary  report  on  the 
development  of  the  parasite  in  the  bed  bug,  I  drew  attention  to  two  cases 
ii-.  which  sores  developed  at  the  sites  where  bugs  were  crushed. 

Before  it  is  possible  to  carry  out  transmission  experiments  with  bugs 
by  crushing  them  on  the  human  skin,  it  would  be  advisable  to  discover  the 
infective  stage  in  the  bug,  and  more  particularly,  when  and  where  it  is 
likely  to  be  found.  The  fact  that  the  parasite  of  Oriental  Sore  can  be 
readily  transmitted  to  man  by  placing  some  of  the  parasite-laden  serous 
fluid  from  a  sore  on  a  slight  abrasion  on  the  human  skin  suggests  that  the 
parasite  is  usually  transmitted  iu  nature  in  a  round  stage.  There  is  no 
doubt  that  the  discovery  of  the  infective  stage  in  the  bug  in  the  case  of 
H.  tropica  would  give  us  the  clue  to  the  similar  stage  of  H.  donovant, 
especiallv  when  we  know  that  both  parasites  behave  in  the  same  way  in 
the  midgut  of  Cimex  hemiptera. 

Thanks  to  Mrs.  Adie's  brilliant  discovery  of  the  intracollular  stage  of 
Herpelomonas  donovani  in  Cimex,  these  two  problems  are  now  nearing 
solution,  and  I  have  little  doubt  that  before  long  many  of  the  puzzling 
phenomena  connected  with  the  spread  of  these  two  human  diseases  in 
nature  will  be  cleared  up.  It  is  now  nearly  16  years  ago  that  I  first  saw 
the  flagellate  stage  olU.  donovani  in  Cimexhemiptera  fed  on  the  perij)Iieral 
blood  of  a  case  of  Kala-azar.  Since  then  I  have  held  the  opinion  that  the 
flagellate  seen  on  April  2nd,  1905,  represented  a  true  development  in  a 
natural  in.sect  host  ;  and  have  continued  my  work  in  spite  of  severe 
criticism,  believing  that  some  day  convincing  evidence  would  be  brought 
to  light .  This  has  now  come  in  an  unexpected  way.  And  it  is  pleasing  to 
know  that  the  last  links  in  the  chain  of  evidence  incriminating  the  bug  as 
the  carrier  of  the  parasite  of  Kala-azar  have  been  forged  by  two  wel' 
known  laboratory  workers  in  India. 

In  conclusion  I  wish  to  take  this  opportunity  of  thanking  Sub- 
.Ajisistant  Surgeon  Sundara  Rao  of  the  Pasteur  Institute  of  Southern 
India  for  the  valuable  help  he  has  given  me  in  many  directions,  and  more 
particularly  in  the  delicate  manipulations  required  when  culturing  the 
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various  parts  of  the  alimentary  tract  of  the  bug.  And  when  I  say  we  have 
cultured  1 ,233  bugs  the  arduous  nature  of  the  task  will  perhaps  be 
appreciated  by  those  who  can  realize  what  this  means.  Like  myself,  he 
has  never  hesitated  to  feed  large  numbers  of  bugs  heavily  infected  with 
n.  donovani  on  himself,  so  that  our  results  may  be  similar  to  what  happens 
in  nature.  It  remains  to  be  seen  whether  we  develop  Kala-azar,  but  so 
far  no  local  lesions  have  developed  at  the  sites  of  the  bites  of  the  bugs. 

I  wish  also  to  thank  Mrs.  Adie  for  coming  to  Coonoor,  and  showing 
me  her  work  on  the  intracellular  stage  of  the  parasite  of  Kala-azar.  I 
must  confess  I  hesitated  to  believe  in  its  existence  until  I  had  seen  it 
myself.  I  wish  also  to  thank  Colonel  Cornwall,  i.m.s.,  for  his  help  and 
advice  in  studying  the  intracellular  stage  in  the  case  of  both  parasites. 


A  CONTRIBUTION  TO  THE  STUDY  OF 
KALA-AZAR  (V). 

BY 

LiECT.-CoLOXEL  J.  W.  CORNWALL,  m.a.,  m.d.,  d.p.h.,  i.m.s., 

AND 

Assistant-Sdroeox  H.  M.  LaFRENAIS,    i.m.d., 
The  Pasteur  Institute  of  Southern  India,  Coonoor. 

[Rec.-ivcil  for  pulil.oalion,  .July  26,  1921.] 

In  lOl.^-lOn,  a  serio.s  of  papers  from  this  laboratory  was  published' 
ill  this  Journal  dealing  mainly  with  the  development  of  Ix'ishmania 
donovani  and  L.  tropica  in  the  stomach  and  gut  of  the  bed  bug. 
A  new  form  of  the  parasites,  described  provisionally  as  a  "  thick- 
tail,"  was  iioted,  and  .serial  sections  of  the  stomach  and  gut  of  bugs  fed 
on  cultures  of  L.  donovani  and  of  L,  tropica  were  cut  and  examined 
for  an  intracellular  stage,  but  no  evidence  of  it  coiJd  be  foiuid.  The  n'de 
of  the     thick-tail  "  remained  obscure. 

The  subject  was  then  dropped  in  favour  of  other  work. 

Recently  Mrs.  Adie("2)  has  announced  that  she  has  been  able  to 
follow  the  development  of  an  intracellular  stage  of  L.  donovani  in  bugs 
fed  on  spleen  juice  obtained  from  infected  persons. 

As  a  result  of  discussions  with  Mrs.  Adie,  whose  findings  differed 
so  widely  from  our  own,  we  determined  to  repeat  some  of  our  previous 
work  particularly  the  sectiojiing  of  the  stomach  and  gut  of  infected 
bugs. 

Method. — Bugs  were  fed  through  a  rabbit  skin  membrane  on 
cultures  of  L.  donovani  and  of  L.  tropica  mi.xed  with  citrated  human 
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blood.  Some  were  kept  at  2U°— 22°C,  others  at  2T'0.  As  the 
experiments  proceeded  the  weather  grew  warmer  and  the  laboratory 
temperature  rose  and  remained  between  the  limits  of  24°and27°C, 
usually  about  25-5°C.  The  fed  bugs  were  then  kept  in  the  dark  at 
laboratory  temperature.  Beginning  at  16  hours  after  the  feed,  and 
thereafter  daily,  bugs  were  dissected  and  their  stomach  and  gut 
removed.  Some  were  dropped  into  a  fixative,  others  were  smeared 
out  on  slides  and  others  were  examined  at  once  in  the  fresh  state  in 
saline  imder  a  vaselined  cover.  Trials  were  made  with  many  fixatives 
and  several  .stains,  but  we  found  that  we  could  not  improve  on  the 
technique  employed  by  Minchin  and  Thomson  (3)  in  their  investigation 
of  the  development  of  Trypanosoma  lewisi  in  the  rat  flea,  so  that  was 
more  or  less  closely  adhered  to.  Tissues  were  fixed  in  Maier's 
modification  of  Schaudirm's  fluid  and  stained  with  Romanowsky's 
mixture  and  "differentiated  in  acetone-xylol.  Others  were  stained  with 
Heidenhain's  iron  hsematoxylin.  Minchin  and  Thomson  dwell  on 
some  of  the  disadvantages  of  their  methods  and  we  fully  agree  that 
they  are  by  no  means  ideal.  Nevertheless  the  results  obtained  by  the 
Eomanowsky  staining  are  generally  good  enough  to  show  up  the  para- 
sites clearly  in  the  stomach  contents,  though  not  well  in  the  black 
contents  of  the  gut,  and  intracellular  development  could  not  be  passed 
over. 

Another  method  tried  was  to  suspend  the  excised  stomach  or  gut  of 
starved  bugs  in  a  fluid  containing  numerous  active  flagellates  in  a 
narrow  pipette.  After  a  varying  period  of  hours  the  viscus  was  expelled 
into  a  fixative  and  in  due  course  sectioned.  The  staining  properties, 
however,  of  the  cells  became  altered  by  post  mortem  and  digestive 
changes  and  good  results  could  not  be  obtained,  so  this  method  was 
soon  abandoned. 

Material. — Feeding  experiments  made  : — 

1.  February  16th,  1921.     Bugs  were  fed  on  a  culture  of  Leish- 

mania  donovani  mixed  with  citrated  rabbit's  blood. 
Lot  A.     Fed  and  kept  at  laboratory  temperature  19° — 20°C 

till  dissected. 
Lot  B.     Fed  and  kept  at  27 °C  till  dissected. 

2.  February  28th.     Bugs  were  fed    as   above  on  Leisbmania 

tropica  cultures. 
Lot  C.  kept  at  20°C. 
Ut  D.  kept  at  27 °C. 
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'^.     .\\ni\  2oth.     Bus-s  wpio  fod  on  a  fipshly-oxcised,  poimdedMip 
Oriental  Soro  mixed  with  citrated  human  blood. 
TiOt  0.  S.  kept  at  laboratory  temperature,  about  23  C. 

4.  May  5th.     Bugs  were  fed  on  L.  tropica  culture  mixed   with 

citrated  rabbit  blood- 
TiOt  L.  kept  at  laboratory  temperature,  about  24°0. 

5.  May  29th.     Bugs  were  fed  on  L.  donovani  culture  mixed  with 

citrated  human  blood. 
Lot  E  kept  at  laboratory  temjjerature  24°-27'C. 

The  serial  sections  of  the  stomach  gave  about  200  sections  of  each 
specimen  when  the  organ  was  distended  with  blood,  fewer  as  the  blood 
became  absorbed  and  the  organ  contracted. 

The  guts,  being  so  small  and  tenuous,  could  not  be  stretched  and  cut 
from  end  to  end  ;  they  were  embedded  in  the  coiled  form  they  had 
assumed  and  the  coils  were  cut  at  hazard  as  if  a  solid  piece  of  tissue 
was  being  dealt  with. 

In  the  5  series  about  120  bugs  were  examined  in  the  fresh  state  and 
sections  were  cut  of  the  stomachs  and  guts  of  about  120  more,  so  some 
2o,000  sections  of  stomachs  and  a  like  number  of  guts  were  available  for 
scrutiny.  The  sections  were  ail  cut  by  Laboratory  Assistant  M.  K. 
Motha. 

The  Examination  of  Fresh  Specimens. 

It  is  by  no  means  easy  to  remove  from  a  bug  a  stomach  distended 
with  blood  without  rupturing  it.  Laboratory  Assistant  M.  B.  Ajjan 
acquired  considerable  skill  in  the  process.  The  unruptured  stomach  in  a 
drop  of  saline  on  a  slide  is  covered  with  a  slip  thickly  vasdijud  at  the 
edges,  so  that  it  will  not  press  on  the  specimen.  The  slightly  flattened 
stomach  then  can  be  examined  conveniently  with  an  oil  immersion 
lens,  and  with  powerful  artificial  light  the  cells  all  round  the  optical 
section  are  clearly  outlined.  Moving  objects  in  the  stomach  contents 
can  also  be  seen.  In  no  instance  could  parasites  in  any  stage  be 
detected  within  cells,  although  they  could  be  seen  clearly  moving  about 
in  a  free  stage  in  the  .stomach  contents.  The  activity  of  flagellates  in 
the  stomach  contents  bears  an  inverse  relation  to  the  viscidity  of  the 
contents. 

After  the  examination  the  unruptured  stomach  has  revealed  all 
it  can,  the  vaselined  cover  glass  is  gently  pressed  till  the  stomach 
wall  is  split,  or  it  may  be  lifted  and   the  stomach  cut  up   with  sharp 
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needles.  A  large  number  of  the  epithelial  cells  can  then  be  examined  in 
detail. 

Another  method  is  to  dissect  out  the  stomachs  of  starving 
bugs  and  float  them  in  a  flagellate  culture  either  in  a  pipette  or 
under  a  vaselined  cover  glass.  If  the  preparations  are  kept  sterile 
they  last  for  48  hours  and  the  relations  of  the  parasites  to  the  cells 
can  be  observed  at  any  time.  We  have  often  observed  in  fresh 
preparations  such  as  these,  not  only  flagellates,  but  the  encysted, 
wriggling,  round  bodies,  which  are  derived  from  thick-tails,  lying 
apparently  within  cells  ;  but  in  preparations  that  have  been  thus 
raanipidated  one  can  hardly  say  for  certain  that  these  were  undamaged 
cells. 

After  a  f idl  feed  the  stomach  may  be  so  distended  that  the  greater 
part  of  the  epithelium  is  flattened,  and  there  seems,  to  be  insufficient 
room  in  these  flattened  cells  to  accommodate  proliferating  parasites. 
There  are,  however,  generally  some  patches  in  the  stomach  where  the 
epithelium  escapes  this  flattening  by  distention  and  the  cells  retain  their 
cylindrical  shape.  hese  cells  have  large,  oval  or  rounded  nuclei  and 
bulge  into  the  lumen  of  the  stomach.  Ihey  may  contain  globules  of  a 
clear  fluid  with  dancing  granules.  Th 3  bulging  part  of  these  cells  melts 
into  and  mingles  with  the  stomach  contents.  A  cell  discharges  its 
secretion,  reloads  and  again  discharges  probably  many  times  before 
it  becomes  finally  exhausted  ;  but  at  length  the  whole  remains  of 
the  exhausted  cell,  including  the  nucleus,  is  exfoliated.  Points  where 
regeneration  of  the  epithelium  is  proceeding  are  frequently  seen 
consisting  of  several  small  dividing  colls  in  close  apposition.  These, 
by  the  way,  might  readily  be  mistaken  by  a  careless  observer  for 
multiplying  bunches  of  parasites. 

The  Ex.4min.\tion  of  Sme.\rs. 

It  may  be  said  at  once  that  the  examination  of  the  smears  stained  by 
Romanowsky's  method  brought  to  light  nothing  definite  as  regards  an 
intracellular  phase. 

Gener.\l  Remarks. 

In  the  stomach  of  some  bugs  the  flagellates  do  not  multiply  freely  but 
die  out  altogether  within  a  period  of  daj's.  In  other  bugs,  multiplication 
is  free  and  the  bug  remains  infected  for  a  long  period. 
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In  u  small  proportion  tho  multiplication  of  the  llap-llatcs  is 
incrcdil>ly  great,  not  only  the  stomach,  but  al.so  the  upper  part  of  the 
gut  become  mere  bags  Klled  with  a  seething  ma.ss  of  the  organisms. 
(V  Fig.  1.)  k  bug  thiLs  infected  refuses  food  and  often  dies, 
whether  from  intoxication  or  the  mechanical  action  of  the  parasites 
is  not  known.  The  flagellates  may  be  found  alive  in  the  gut  24  hours 
after  the  death  of  the  bug. 


A  portion  of  the  unopened  gut  of  a  bug  fed  on  L.  donovani  ciiltiircs.     Seen    in   thu   fresh 
state  ill  optic il  section, 
(a)  is  a  pliift  of  granular   faod-ilubris.     Surrounding   it  are   masses   of   multiplyioK 
A  igellates,  so  c'osely  packed  that  movement  is   impossible   until   thny  are  set 
free. 


As  a  rule  unaltered  erythrocytes  do  not  find  their  way  from  the 
stomach  to  the  gut,  the  stomach  is  the  digestive  part  of  the  alimentary 
tract  and  the  gut  is  the  absorptive  part,  so  the  stomach  contents  are  not 
passed  on  until  the  preliminary  proteolji;ic  proces.ses  have  been 
completed.  Occasionally,  however,  after  a  very  full  feed  a  few  intact 
erythrocytes  get  carried  over  into  the  gut  almost  immediately.  It  is 
possible  therefore  for  flagellates  to  be  carried  into  the  gut  with  them 
and  so  the  infection  of  the  stomach  and  of  the  gut  may  be  almost 
imultaneous.  WTien  a  bug  has  not  over-distended  itself  and  no  intact 
rythrocytes  have  reached  the  gut,  one  may  usually  count  on  finding  a 
consideiable  number  of  flagellates  in  the  gut  within  Itj  hours  of  the 
infected  feed.  It  is  not  known  whether  the  reaction  of  the  stomach 
difleni  from  that  of  the  gut  ;  anyhow  the  cavities  seem  to  be  equally 
favourable  to  the  multiplication  of  the  flagellates  as  regards  nuinbeis. 
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As  regards  morphology  there  seems  to  be  little  diSerence,  though  the 
prevailing  stage  present  at  any  one  moment  may  not  be  the  same  in 
both  stomach  and  gut. 

When  a  bug  sucks  in  a  feed  containing  a  culture  of  flagellates  it 
generally  gets  a  sample  of  each  of  the  different  foims  present  in  a  cultme, 
from  the  roimd  body  with  no  flageilum  to  the  fully  develoj^ed  flagellate. 
We  cannot  pretend  to  say  exactly  what  hajjjjens  to  each  of  these  forms 
when  it  finds  itself  in  the  stomach  of  a  bug,  nor  does  it  seem  to  us  a  matter 
of  much  moment,  at  least  just  now,  but  it  is  easy  to  give  a  general 
idea. 

In  the  stomach  at  first  the  rounded  and  semi-developed  flagellates 
prevail,  and  large  clumps  of  them  can  be  seen  ;  later,  these  develop  into 
active  flagellates  which  further  subdivide  and  swim  freely.  (Vide  Fig  2.) 
Even  when  free  swimming  flagellates  seem  to  be  in  a  majority  there  are 
always  plenty  of  rormded  and  half  developed  forms  also.  As  the  food 
supply  in  the  stomach  gets  digested  and  passed  on  into  the  gut,  the 
parasites  either  pass  on  with  it  or  die  off ;  and  when  the  stomach  seems  to 
contain  nothing  but  air  bubbles  it  may  require  some  search  to  find  a  few 
sluggish  flagellates  or  rounded  forms,  generally  none  can  be  found.  A 
fresh,  sterile  feed  may  or  may  not  rivave  the  remaining  parasites  and 
start  a  fresh  brood. 

For  example,  some  bugs  were  fed  on  L.  tropica  cultmes  mixed  with 
citrated  rabbit  blood  on  February  28th,  1921,  at  27°C  and  maintained 
thereafter  at  that  temperatm'e.  They  were  refed  naturally  on  a  normal 
rabbit  on  March  5th,  11th,  15th,  19th,  24th  and  29th.  Five  were  dissected 
on  March  31st.  No  parasites  were  found  in  the  stomach  or  gut  of  four, 
but  in  the  fifth  in  the  stomach  there  were  enormous  numbers  of  free 
adults  and  huge  dividing  chmips,  and  in  the  gut  vast  numbers  of  adults 
and  romided  forms. 

In  the  gut  the  long,  free,  active  flagellates  appear  in  huge  numbers  a 
little  later  than  in  the  stomach,  so  that  in  one  and  the  same  bug  one  may 
find  the  stomach  nearly  empty  and  containing  comparatively  few 
parasites  while  the  gut  contains  multitudes  of  active  flagellates. 

No  particular  experiments  have  been  made  to  find  how  long  the  gut 
can  contain  living  flagellates  after  the  stomach  has  cleared  itself  nor 
whether  parasites  would  ascend  from  an  infected  gut  after  a  fresh  feed  and 
re-infect  a  stomach  which  had  become  free  from  then). 

In  a  previous  paper  of  this  scries  we  have  shown  that  living  flagellates 
seldom  descend  the  ahmeutary  tract  as  far  as  the  rectum. 
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Appeararco  of  a  arction  t>i  the  itomach  of  a  bug  fed  on  ciiltuiCH  either  of  L.  Honovani  or 

ff  I*  tropica,  stained  with  Romanownky. 

A.  Shows  a  clump  of  divirlinfr.  non-flaeellated  »pherc»  lyinc  in  the  slomich  content* 
with  a  few  scattered  individiialx. 

n.  .Sho«B  a  HJmilar  section  with  a  clump  of  HaKcllatea  and  free  HaKellates  "icnltered 
about  in  the  stomach  ix>ntentx.  Note  that  in  neither  inhtinco  ha«  the  m»M 
of  multi|i|)'ini;  or(!'»i»niH  any  relation  to  the  epithelium. 

(a)  la  a  clump  of  young  epithelial  cells. 
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The  following  case  is  of  some  interest : — 

An  ''Oriental  Sore,"  acquired  in  Rajputana,  whicli  was  still  covered 
withintact  epidermis,  was  excised  after  injecting  roimd  it  cocaine  and 
adrenalin.  Half  the  nodule  was  cut  up  and  pounded  in  a  mortar  and  the 
pulp  was  mixed  with  defibrinated  human  blood.  Bugs  were  fed  on  this 
mixture  through  a  rabbit  skin  membrajie.  For  some  reason,  perhaps 
because  the  drugs  tasted^unpleasant;  the  bugs  after  a  trial  mostly 
le  used  to  feed.  A  fair  number,  however,  had  sucked  in  a  sufficiency  of 
the  fluid.  Numerous  flagellates  were  found  in  the  stomach  42  hours  after 
the  feed  and  in  the  gut  64  hours  after  the  feed.  The  bugs  had  been 
kept  at  laboratory  temperature,  about  23°C.     [Vide  Figs.  3  and  4.) 


^^^  ^^^^  J) 


Smear  fioiu  a  nonulceiated  Oriental  Sore. 
1.    Eijthrocyte  for  size  comparison. 
2 — 8.    Forms  of  L.  tropica  found  free  in  the  smear 
9.     An  endothelial  cell  containing  four  parasites. 
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FlagelUted  forms  of  L.  tropica  from  the  stomach  of  a  bug  42  hours  after  feeding 
on  material  taken  from  the  Oriental  Sore. 

Generally  speaking  the  only  difference  noticed  in  the  march  of  events 
when  one  lot  of  infected  bugs  is  kept  at,  say,   20°-22°C  ajid  another  a 
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'iTT,  is  that  digostion  jirocecds  much  more  ra))itUyut  the  liijjhiT  liiii- 
poraturo,  tho  stomach  empties  itself  of  food  more  (|iiickly  and 
consequently  the  ])arasites  die  out   sooner. 

The  developmental  forms  seen  are  the  same  under  both  conditit.ns, 
whether  L.  douovani  or  L.  tropica  he  the  parasite  experimented  with. 
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Dia(;rinimatic  representation  of  three  modes  of  development  of  Hau'cllateil  bo<lios  from  niiliore)*. 

Thick-tails. — A  word  must  be  said  about  the  "  thick-tail  "  form. 
This  is  clearly  an  encapsuled  flagellate.  Occasionally  two  flagellates  may 
be  seen  enclosed  in  the  same  cap.sule,  having  arisen  presumably  by 
division  of  the  first.  Division  may  even  proceed  till  there  are  four 
flagellates  within  the  cap.sule,  but  of  thi.s  we  cannot  be  certain.  It  is  very 
difficult  to  follow  the  contortions  of  the  bodies  within  the  capsiJe  in  the 
living  state  and  the  capsule  cannot  be  staiied,  so  that  in  a  smear  onc 
cannot  say  whether  one  is  looking  at  an  ordinary  bunch  of  flagellates  or 
at  an  encapsuled  form.     We  have  got  but  little  f  urt  her  in  explaining  the 
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origin  or  the  termination  of  the  thick-tail  than  we  reached  in  1917.  All 
we  know  is  that  it  does  not  appear  in  cultures  and  that  close  contact 
with  the  epithelium  of  the  stomach  or  the  hind  gut  of  the  bed  bug  appears 
to  be  necessary  for  its  appearance.  The  guts  of  other  blood-sucking 
insects  so  far  tried  appear  not  to  produce  this  form.  Thick-tails  cannot 
be  found  i  a  every  bug,  and  when  found  there  are  often  20  or  30  of  them 
very  close  together,  as  if  a  particular  portion  of  the  epithelium  had 
favoured  their  appearance. 

It  may  be  concluded  with  confidence  that  the  thick-tail  does 
not  form  an  essential  link  in  the  chain  of  development  of  a  perfect 
flagellate  in  the  stomach  or  gut  of  a  bed-bug,  for  many  thousands  of 
flagellates  may  be  found  for  every  thick-tail.  Although  one  or  more 
perfect  flagellates  may  emerge  from  a  thick-tail,  yet  its  appearance  in 
the  bug  is  to  some  extent  accidental,  and  we  do  not  know  \\diether 
it  is  a  state  assumed  to  protect  against  a  harmful  environment  or 
whether  it  is  a  phase  in  the  normal  development  of  the  parasite  which 
is  rendered  imcommon,  or  aborted,  by  unfavourable  conditions 
in  the  stomach  of  the  bug,  but  which  would  be  a  common,  if  not  an 
invariably  necessary  phase,  if  the  parasite  were  to  find  itself  in  its 
real  host. 

As  we  have  no  evidence  to  show  that  the  thick-tail  is  a  protected 
form,  which  enables  the  parasite  to  tide  over  temporarily  unfavourable 
conditions  in  the  bug  and  to  continue  its  developmental  career 
when  favourable  conditions  are  established,  we  are  more  inclined 
to  the  hypothesis  that  it  is  a  necessary  phase  which  will  only  find 
its  full  explanation  when  the  true  insect  hosts  of  the  parasites  are 
discovered  or  the  extra-human  life  histories  of  L.  donovani  and 
of  L.    tropica  are  worked  out. 

Argument. 
Active  flagellates  may  easily  penetrate  into  damaged  cells  ;  indeed, 
it  is  difficidt  to  say  what  is  a  damaged  and  what  is  an  undamaged  cell, 
for  the  healthy,  undamaged,  actively  secreting  cells  which  are  throwing 
nfl"  globules  and  cell  substance  are  practically  open  to  the  invader,  and 
flagellates  may  penetrate  as  much  by  accident  as  by  chemiotaxis.  It 
may  be  that  this  is  the  explanation  of  the  thick-tail,  that  a  flagellate  hav- 
ing penetrated  into  a  secreting  cell  finds  itself  in  an  luifavo  arable  medium 
and  promptly  surrounds  itself  with  a  i)rotecting  membrane  within  which 
it  is  secure  and  may  even  divide.     Later,  when  thrown  off  in  globules 
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of  setTction,  it  tiiuls   itself   in  moro  coiigonial  surri>uiulings,  Inirst.s  its 
capsule  and  resumes  the  free  life  of  a  flagellate. 

On  no  occasion,  from  1(5  hours  to  10  days  and  even  longer  after  the 
infecting  feed,  have  we  seen  any  other  kind  of  apparently  intracellular 
parasite  in  any  stage  of  development,  and  we  feel  that  if  these  flagellates 
actually  enter  d  cells  in  the  stomach  or  gut  of  the  bug  in  the  course  of 
their  developmental  cycle  and  divided  there  in  the  manner  described  by 
Minchin  and  Thomson  as  occurring  in  the  cycle  of  Trypanosoma  lewisi, 
we  could  hardly  have  failed  to  observe  them,  considering  the  large 
amount  of  material  we  have  worked  over. 

In  none  of  the  hiuidreds  of  stained  sections  of  the  stomach  and  gut 
that  we  have  e.xamijied  could  we  find  any  evidence  of  an  intracellular 
stage  of  development,  though  it  is  true  that  on  a  few  occasions  we  saw  in 
cells  single  bodies  which  were  indistinguishable  from  forms  of  the 
parasite.  They  may  have  been  parasites  in  the  cells  or  they  may  have 
been  artef  acta.  Anyhow  the  proverb  tells  us  that  'one  swallow  does  nut 
make  asiuumer.' 

Neither  in  fresh  preparations  nor  in  sections  does  it  appear  that  the 
epithelimu  has  an  overwhelming  attraction  for  flagellates.  In  fresh 
preparations  as  many  flagellates  can  be  found  in  outlying  parts  of  the 
preparation  as  in  the  neighbomhood  of  the  epithelial  cells;  in  a  section 
the  parasites  seen  to  be  fairly  evenly  distributed  throughout  the 
contents  of  the  viscus,  large  clumps  may  be  seen  close  to  the  epithelium 
but  equally  large  clumps  may  be  found  in  the  middle  of  the  lumen. 

Patton  has  described  the  ilevelopment  in  the  stomach  of  a  bug  of 
flagellates  from  the  round,  Leishman-donovaji  bodies  contiined  lu 
leucocytes  of  the  blood  sucked  from  a  Kala-azar  patieJit.  If  flagellates 
can  develop  directly  from  the  Leishman-donovan  body,  there  is  no  need 
to  postulate  the  eiistcnce  of  a  minuter  phase  of  the  parasite  iji  human 
peripheral  blood  which  will  devclo^i  into  a  flagellate  before  or  after 
entering  a  cell  in  the  stomach  of  a  bug. 

iLnchin  and  Thomson  state  that  the  free,  active,  rat  tiypajiosi>nies 
do  not  undergo  any  form  of  multiplication  in  the  stomach  contents  of 
the  flea,  and  that  the  only  midtiplicative  phase  is  inlrafellular. 

L.  iloiioviini  and  L.  tropica,  oji  the  other  hajid,  niultijily  freely  by 
division  in  the  stomach  contents  of  the  bug.  It  does  not  seem  to  be 
probable  that  two  kinds  of  multiplicatioji  would  go  on  simultaneously  in 
the  same  viscus,  the  one  intracelhdar  and  the  other  e.xtra-cellular.  There 
may,howevur,  bcinfitanccsof  this  happcmng  which  are  unknowji  to  us. 
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At  present  we  feel  that  as  the  flagellate  can  multi])!y  so  freely  in  the 
contents  of  the  stomach  and  gut  of  the  hug  there  is  no  neeH  for  an  intra- 
crllular  phase  ;  luit  the  mere  facts  of  flagellation  and  multiplication  do 
not  suggest  an  explanation,  in  the  circumstances,  of  the  luse  of  a  flagellum 
to  the  parasite  nor  the  use  of  free  multiplication  in  promoting  the 
continuity  of  its  life  cycle. 

If  an  obligatory  intracellular  phase  were  to  occur  it  would  form 
stro  ig  evidence  in  favour  of  the  bug  being  the  true  insect  vector  of 
Indian  Leishmaniasis  ;  if  it  does  not  occur,  then  there  is  no  reason 
to  regard  the  bug  as  any  thing  more  than  a  casual  host  in  which 
development  of  the  parasite  can  proceed  to  a  certain  point  but  no 
further. 

We  have  (stated  before  that  we  recognize  that  our  experiments  have 
not  been  quite  natural  ;  we  have  fed  our  bugs  on  cultures  and  not  on 
infected  persons  or  animals,  and  it  may  be  argued  that  the  results  are 
invalidated  thereby.  We  are,  nevertheless,  ourselves  persuaded. 

The  Oriental  Sore  feeding  experiment  was  nearer  nature,  though  not 
quite  natural,  and  that  too  gave  no  positive  intra-cellular  development. 
If  we  might  venture  to  offer  coimsel,  it  would  be  that  the  bed  bug  be 
given  a  rest  in  connection  with  Leishmaniasis  and  that  some  other 
possible  vector  be  carefully  investigated. 
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ThoI'(3H  Cunningham  (1),  who,  in  1884,  first  noted  the  prcsejice  of  n 
parasite  in  cells  of  the  dermis  in  an  Oriental  Sore,  and  James  (2)  in  11K)5 
both  described  sections  which  they  had  made,  it  seems  that  there  is  still 
room  for  a  little  clearer  miderstanding  of  the  lesion.  The  present 
description  is  based  on  sections  cut  from  an  Oriental  Sore  which  was 
e.xcised  with  local  anaesthesia.  Ihe  sore  was  acquired  by  residence  in 
Rajputana,  though  it  was  not  noticed  by  its  bearer,  a  European  lady, 
till  about  three  months  after  she  had  left  that  province  to  reside  in  the 
Xilgiri  Hills  where  such  sores  are  unknown  to  ariae.  It  was  situated 
over  the  olecranon  process  and  was  first  noticed  as  a  pimple.  Attention 
was  called  to  the  spot  by  a  sudden  jiainful  prick  which  she  thought  had 
been  inflicted  by  a  biting  Hy,  though  no  fly  was  seen.  This  hapj)ened  in 
the  open  air.  The  pinjple  slowly  enlarged  and  several  mojiths  later 
caused  considerable  pain  and  annoyance.  When  excised,  it  was  about 
To  cm.  in  diameter  with  a  smooth,  shiny,  non-ulcerated  surface. 
There  were  two  other  pimples  each  3  mm.  in  diameter  about  075  cm. 
distant  from  the  main  lesion,  on  opiwsite  sides  and  separated  from  it 
by  apparently  healthy  skin. 

The  main  lesion  was  highly  vascular  and  blood  oozed  freely  from  a 
capillary  puncture  made  at  its  margin  for  diagnosis.  Vast  numbers  of 
Leishman-donovan  bodies  of  various  forms  were  foujid  in  the  smear. 

The    material   was    fixed  in  25enker's    fluid,    Blips'  fluid   and    in    a 
picro  formol-sublimate-acetic  mixture  and  stained  by  various  uicthoda. 
(    r,4r,    ) 
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In  the  formation  of  an  Oriental  Soro  the  course  of  events  is  probably 
as  follows  :  —the  parasite  is  introduced  into  the  dermis  by  way  of  a 
solution  of  continuity  of  the  epidermis.  It  is  improbable  that  it  can 
establish  itself  at  all  imless  it  be  deposited  in  the  dermis  :  for  not  a  single 
cell  of  the  epidermis  contained  a  parasite,  not  even  the  prickle  cells  of 
the  rete  mucosura,  and  it  seems  likely  that  the  parasite  would  perish  if 
there  were  any  intact  layers  of  the  epidermis  beneath  the  point  of  its 
entry.  Parasites  are  not  found  in  the  cells  of  the  sweat  glands,  sebaceous 
glands  or  hair  follicles,  probably  because  these  are  all  developed  from 
the  mal])ighian  layer  of  the  epidermis.  The  mononuclear,  endothelial 
cells  found  in  the  papillary  layer  of  the  dermis  are  the  breeding  grounds 
of  the  jiarasite  and  its  establishment  in  the  dermis  appears  to  cause 
them  to  proliferate.  The  endothelial  cells  push  their  way  in  all 
directions  following  supposedly  the  lines  of  least  resistance,  that  is 
mainly  towards  the  surface  of  the  skin. 

The  fibrous  tissue  of  the  dermis  is  split  apart  by  columns  of  invading 
cells  and  becomes  a  mere  network.  New  capillaries  are  formed  to  meet 
the  requirements  of  the  new  tissue.  At  the  same  time  hair  follicles 
and  sweat  glands  are  gradually  destroyed  by  pressure  and  by 
interference  vnth.  their  blood  and  nerve  supply.  The  parasites 
meanwhile  lag  much  behind  the  invading  front  of  the  endothelial  cells, 
whether  it  be  that  they  cannot  multiply  fast  enough  to  keep  pace  with 
th&m  or  whether  it  be  that  the  older  cells  in  the  middle  of  the  mass 
are  more  suited  to  their  nutritional  needs.  When  the  endothelial 
mass  reaches  up  to  the  nialpighian  layer  of  the  epidermis  the  nutrition 
of  the  whole  thickness  of  the  epidermis  is  affected,  the  dentate  cells  and 
many  of  the  prickle  cells  disappear,  the  stratum  granulosum  cannot  be 
distinguished,  and  the  epidermis  becomes  reduced  to  a  few  layers  of 
horizontally  elongated,  nucleated  cells  covered  by  a  thin  stratum 
corneum  and  surmounted  by  a  stratum  disjunctum.  A  little  more 
time  or  a  very  slight  injury  will  now  suffice  to  remove  some  of  this 
thinned,  protecting  epidermis  and  admit  pyogejiic  organisms  to  a 
favourable  nidus  in  the  nodule,  and  in  the  process  of  ulceration  which 
follows  the  protozoa  are  destroyed.  Ulceration,  therefore,  is  a  curative 
process,  though  perhaps  a  crude  and  painful  one.  If  it  were  not  to 
occur,  the  parasites  would  spread  laterally  and  destroy  large  areas  of 
the  integument. 

In  the  normal  dermis  besides  the  endothelial  cells  there  are  plasma 
cells,  migratory  cells,  mast  cells  and  perhaps  yet  others.     Some  of  these 
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take  part  in  the  struggle  against  the  parasite.  The  endothelial  eell  is 
distinguished  by  a  large,  oval,  faintly  staining  nucleus  with  a 
eonspieuous  nucleolus,  and  faintly  staining  cytoijlasni.  On  the  whole  it 
resembles  a  nerve  eell  from  a  ganglion.  When  the  cell  is  parasitized  the 
nucleus  becomes  shrimken  and  shapeless  and  eventually  disappears 
altogether  and  the  cell  seems  to  be  replaced  by  a  bag  of  parasites. 
Mingled  with  the  endothelial  cells,  in  a  minority  in  the  heavily  parasitized 
area  but  in  "a  great  majority  towards  the  periphery  of  the  lesion,  are 
smaller  cells  with  a  round,  deeph'  staining  nudeiLs.  Some  of  these  are 
plasma  cells,  others  migratory  cells.  No  extravascular  polynuclear 
leucocytes  are  seen.  The  parasites  do  not  appear  to  penetrate  any 
of  these  cells  or  if  they  do,  they  are  quickly  altered  and  cannot  be 
stained. 

Presumably  this  collection  of  cells  outside  the  parasitized  area  has 
some  iaflueace  in  limiting  its  extension  both  internally  and  laterally. 
When  metastatic  nodules  arise  beyond  the  area  of  the  main  lesion  they 
are  due  to  parasites  being  shed  into  lymphatic  spaces  and  being  carried 
outside  the  area  before  they  are  arrested. 

Eosinophilous  cells  with  large  granules  are  entirely  absent. 
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In  the  first  papev'  of  this  series  I  described  Chrysomyia  bezziana 
Vill.,  the  important  specific  niyiasis-producing  Calliphorine  of  Africa, 
India,  Burma,  Assam  and  Ceylon,  and  at  the  same  time  recorded  a 
number  of  cases  of  myiasis  in  man  and  animals  caused  by  its  larvte.     In 

*  Dr.   Villeneuve    informtt  me   that    Lncilia   sercnissivm    Fabr.    is    identical    with 
Lucilia  argyricephala  Macq. 
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thf  ]>r«>seiU  piipcr,  I  projxise  descrihins;  another  calliphorino,  Lurilin 
nrgijrirrphala  Macq.,  wliose  larva?  occasionally  oanso  cutaneous  myiasis 
in  animals  in  India,  and  also  a  new  species  of  Lucilin.  one  of  tlie  comuKUi 
blow  flies  of  the  hill  stations  in  India. 

Although  I  have  received  dipterous  larva?  from  more  than  120 
cases  of  myiasis  in  man  and  animal,  in  only  three  cases  were  they  those  of 
argifrirephaln.     The  followin;;  notes  relate  to  these  three  cases  :--- 

Case  I.  -A  number  of  mature  larvse  of  argi/rirephnlo.  some  of  which 
had  pu|>ated,  were  sent  by  M.  H.  Bhatt.  Veterinary  Assistant.  Jambusar, 
East  Khandesh.  Bombay,  collected  from  the  nniscular  tissue  of  a  bullock 
sufferin<;  from  a  compound  fracture. 

Case  2. — A  few  small  third  stage  larv<T  of  argi/iirejihala  from  a  wound 
on  a  calf  were  sent  by   the  same   observer. 

Case  3. — -A  number  of  mature  larva?  of  artji/ricephala  were  sent  by 
Mr.  B.  B.  Joshi,  Officer-in-charge  of  the  Public  Veterinary  Hospital, 
Bhamburda,  Poona.  taken  from  a  wound  on  the  foot  of  a  bullock. 

In  all  three  cases  there  were  no  larva?  of  Chrysomyia  bezziana  sent 
along  with  those  of  Lurilin  arfji/ricephala. 

Lucilia    argi/ricepluda    Macq. 

Early  Stages. 

The  egg  of  Lucilia  argyricephala  is  smaller  than  that  of  C.  bezziatm 
already  described.  WTien  first  laid,  it  is  of  a  creamy  white  colour,  but 
later  becomes  yellowish.  The  two  chorionic  ridges  are  somewhat  closely 
approximated,  meeting  just  before  the  blunt  end  of  the  egg.  and  diverging 
at  the  j)f)inted  or  anterior  end  to  enclose  the  micropilar  opening.  From 
380 to  160 eggs  are  n.sually  laid  in  a  nia.ss,  and  the  larva*  hatch  ouf  in 
about  24  to  36  hours,  accortling  to  the  temperature. 

The  mature  larva?  (Plate  LVII.  Fig.  1)  measures  about  \  in.  in  length 
and  is  of  a  dirty  white  colour.  The  head  segment  bears  two  well- 
developed  antennae,  which  consi.st  of  conical  prominences,  each  with 
a  minute  HulKlorsal  chitinous  proce.ss.  The  prothora.x  is  smooth,  and  is 
not  armed  with  Hj)ines.  The  anterior  spiracles  project  from  the  si<les 
of  the  lower  bortier  of  the  segment,  and  end  in  from  <\  to  8  knolj-'ike 
proce.<wes,  more  usually  eight.  The  mesothorax,  metathorax  and  the 
first  eigh*  abdominal  segments  are  provided  with  about  6  to  7  rows  of 
extremely  minute,  yellow,  recurved  spines  which  form  belts  along  their 
anterior  borders.  On  the  ventral  surfaces  of  abdominal  segments  1  1o 
J,  MR  10 
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8  there  are  the  usual  raised  pads,  which  are  provided  with  the 
same  microscopic  spines.  The  end  of  the  eighth  abdominal  segment 
(Plato  L\'II.  Fifj.  -)  is  nearly  flat,  sloping  slightly  from  above 
downwards  ;  it  bears  the  two  spiracular  plates  which  are  well  separated 
and  obliquely  directed  towards  each  other.  The  upper  margin  of 
the  po.sterior  end  of  this  segment  has  three  pointed,  fleshy  processes  on 
each  side  of  the  middle  line,  slightly  separated  from  each  other. 

The  lower  margin  forms  a  slight  shelf,  a^.d  has  two  pointed,  fleshy 
processes  at  the  sides,  the  outermost  being  the  more  prominent.  Each 
spiracular  plate  is  light  brown  in  colour,  small,  rounded  and  placed 
somewhat  obliquely,  the  inner  and  lower  angles  being  slightly  pointed, 
and  directed  inwards  ;  the  three  slits  are  straight  and  are  directed 
obliquely  towards  the  inner  and  lower  angle.  The  ninth  segment  has 
two  stout;  fleshy  processes  on  each  side,  and  the  anal  slit  is  guarded  by 
two  raised  lips. 

The  puparium  (Plate  LVII,  Fig.  :5)  is  light  brown  in  colour,  the 
posterior  end  is  rounded,  so  that  the  spiracular  plates  are  plaiidy 
visible.  The  processes  on  the  eighth  segment  of  the  larva  now  appear 
as  dark  brown  points. 

The  Adults. 

Male. — Eyes  reddish  brown,  facets  of  equal  size.  Front 
comparatively  broad,  about  \  width  of  head.  Ocellar  triangle  dark 
brown,  vertex  bright  metallic  green.  Parafrontals  silky  white,  cheeks 
silvery  with  numerous  black  hairs.  Antennae  black,  grey  poUinose.  Palpi 
dark  orange  with  dark  apices.  Thorax  bright  metallic  green  with 
bronze  sheen;  presutural  area  pollinose  white  with  two  distinct 
narrow,  dark  green  admedian  bands.  Abdomen  metallic  green  with 
white  pollinose  and  bronze  sheen  ;  two  prominent  bristles  at  the  sides 
of  segment  twO;  and  four  at  sides  of  the  lower  border  of  the  upper 
surface  of  segment  three.  A  prominent  bristle  at  each  side  of  apical 
end  of  segment  four.  Legs  black,  ventral  and  outer  surfaces  of  fore 
femora  markedly  metallic  green,  mid  and  hind  femora  less  so.  Wings 
hyaline,  veins  light  brown  near  base,  venation  as  in  drawing.  Squamaj 
dirty  white. 

Female.  (Plate  LVII.  Fig.  J.)  Front  wide,  about  ^  width  of  head. 
Ocellar  triangle  and  vertex  bright  metallic  green.  Parafrontals  silvery 
white  ;  cheeks  yellowish  white  with  black  hairs.  Bristles  of  abdomen 
less  developed  than  in  male,  in  all  other  respects  like  it. 
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Habits  of  Adults. 
Liicilia  arifi/ricfphala  is  the  roininon  bazaar  meat  and  sweet  flv  of 
India  :  it  never  enters  houses.  The  female  prefers  to  ovijiosit  on  fresh 
meat,  entrails  and  otTal  of  all  kinds  usually  founil  about  Indian  butcheries. 
It  will  al.so  readily  oviposit  in  the  bodies  of  freshly  killed  birds  and 
animals,  and  to  some  e.xtent  in  decomposing  bodies.  Mr.  Ballard,  f.e.s., 
Government  Entomologist, .  JIadras,  showed  me  a  number  of  typical 
specimens  which  were  bj^ed  from  the  decomposing  bodies  of  mbbits. 
I  have  bred  it  in  large  numbers  in  Madras  from  larvae  collected  from  the 
stomach  contents  of  slaughtered  animals,  especially  when  soaked  with 
blood  :  aujyricephaln  is  readily  attracted  to  shed  blood  and  can  be  easilv 
bred  by  placing  females  in  cages  with  some  fresh  meat. 

Roubaud  in  his  '  Etudes  sur  la  Faune  Parasitaire  de  1'  Afrique 
occidentale  fran^iise.  Part  I,  Les  Product eur  de  Myiases  et  Agents 
similaires  chez  1'  homme  et  les  animaux,'  states  that  Lucilia  argyricephala 
is  one  of  the  specific  myiasis-producing  flies  of  Africa.  He  records  a 
ca.se  of  myiasis  in  a  dog  in  which  the  larvae  of  this  species  were  renioveil 
from  an  ulcer  of  the  lower  jaw.  He  further  mentions  that  Dr.  Joyeau 
found  the  larvae  of  argyricephala  at  Kourvoussa.  French  Guinea,  in  ulcers 
on  a  female  leper,  and  that  Dr.  Brumpt  commonly  found  the  larva;  of 
this  species  in  cases  of  myiasis  in  camels  in  Aby.-sinia.  Roubaud  also 
states  that  he  has  found  the  puparia  of  argyricephala  in  birds  nests  along 
with  those  of  Passeromyia  he'.eroch<pta,  and  thinks  it  very  probable  that 
the  larvae  of  argyricephala  cause  myiasis  in  the  young  birds,  the  larvae 
developing  in  the  wounds  made  by  those  of  Passeromyia  heterochwta.  In 
Coonoor,  I  have  not  found  either  the  larvae  or  the  puparia  of 
argyricephala  in  the  nests  of  sparrows  in  which  there  were  many  larva" 
of  Passeromyia  heterochceta. 

It  is  interesting  to  note,  however,  that  Roubaud  makes  no  mention 
as  to  whether  he  has  found  the  larvae  of  argyricephala  in  either  fresh  or 
decaving  animal  bodies.  In  India,  it  is  certainly  not  a  specific  myiasis- 
pnnlucing  calliphorine,  and  judging  from  the  fact  that  I  have  only 
received  its  larvae  from  three  case-  of  myiasis,  it  must  be  con.sidered  a  rare 
mviasis-pra<lucing  species,  and  then  only  in  animals.  And  it  should  l)f 
note<l  that  the  three  cases  are  all  frtim  the  Bombay  Presidency.  The 
larvae  of  argricephala  is  not  well  adapted  to  live  in  the  ti.ssues  of  man  and 
animals,  for  it  has  ver}-  pf)orly  developed  segmental  spines  in  conipurisoji 
with  those  of  the  larva  of  Chrysomyia  bezziana  in  wliich  they  are  highly 
developed. 
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Lucilia  argyricephaln  is  widely  distributed  in  India  and  is  found  at 
altitudes  of  6,000  feet.  It  is  commonly  infected  with  tliree  distinct 
flagellates,  Rhynchoidoinonus  luciUnr  I'atton,  in  its  Malpighian  tubes, 
Herpelomonas  mirahilis  Roubaud  and  llcrpelnmunas  muscae  domesticae 
Burnett  in  its  alimentary  tract.  I  have  obtained  pure  cultures  of  the 
two  latter  flagellates  on  the  NNN  medium.  H.  mirahilis  grows  in  the 
culture  medium  with  difficulty,  while  //.  muscae  domesticae  flourishes 
in  it.  Although  I  have  obtained  a  pure  culture  of  Rhynchoidomonas 
luciliae,  it  never  lives  more  than  a  week  in  the  culture  medium. 
I  need  hardly  state  again  that  were  it  only  a  stage  in  the  development 
of  Herpelomonas  muscae  domesticae,  as  some  observers  seem  to  think, 
there  should  be  no  reason  why  it  should  not  develop  into  the 
Herpetomonas  form.  Further,  Herpetomonas  muscae  domesticae  obtained 
from  this  fly  has  never  developed  into  a  Rhynchoidomonas,  thongh  it 
has  now  been  cultured  for  months. 

Lucilia  craggii  Sp.  Nov. 

Early  Stages. 

The  egg  of  Lucilia  craggii  is  slightly  larger  than  that  of  argyrice- 
phala,  measuring  about  ^^  in.  in  length  ;  it  is  of  a  light  yellow  colour. 
The  chorionic  ridges  are  narrowly  separated,  uniting  just  before  the 
rounded  end  of  the  egg,  and  separating  at  the  pointed  end  to  enclose  the 
micropilar  opening.  The  number  of  eggs  laid  by  a  single  female  varies 
according  to  its  size,  counts  of  350  to  780  represent  the  extremes.  They 
are  laid  in  a  mass,  usually  out  of  sight,  on  the  under  side  of  the  body 
of  a  bird  or  animal,  close  to  the  bases  of  feathers  or  hairs,  as  the  case 
may  be.  It  is  quite  common  to  find  as  many  as  ten  females  ovipositing 
together  at  the  same  spot,  and  one  or  more  may  become  caught  in 
the  masses  of  egg  laid  around  tliem.  The  eggs  are  sometimes  laid  in 
the  nostrils. 

The  mature  larva  (Plate  LVII,  Fig.  5)  measures  about  f  in.  in 
length  and  is  of  a  creamy  white  colour.  The  antennae  form  two  large 
divergent  conical  prominences  on  each  side  of  the  head  segment,  each 
with  a  minute  subapical  process.  There  is  a  broad  girdle  of  minute 
recurved  spines  at  the  lower  border  of  the  head  .segment.  Prothorax 
with  a  ventral  band  of  the  same  minute  spines.  The  anterior  spiracles 
project  from  the  sides  of  the  lower  border  of  the  segment,  and  are 
of  a  light  yellow  colour,  consi.sting  of  7  to  8  finger-like  processes. 
The  mesothorax,  metathorax  and  the  first  eight  abdominal  segments 
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are  all  imiviiled  witli  anterior  ginlles  of  8  to  10  rows  of  minute 
recurveil  .s]>ines  ;  the  girdle  is  not  so  well  developed  on  the  last  three 
abdominal  segments.  All  the  abdominal  segments  are  provided 
with  a  pad  on  their  ventral  surfaces.  The  end  of  the  eighth  abdominal 
segment  (Plate  LN'II,  Fig.  ti)  is  distinntly  hollowed  out,  and  the 
^M1sterior  spiracular  plates  are  situated  in  the  hollow.  The  anterior 
border  of  the  segment  slightly  overhangs  the  hollow,  and  the  posterior 
border  form.s  a  ledge  to  it,  so  that,  when  both  surfaces  are  brought 
together,  the  spiracular  area  is  closed.  The  anterior  border  of  the  seg- 
ment has  si.K  pointed,  fleshy  processes,  three  on  each  side  of  the  middle 
line  ;  they  are  much  better  developed  than  in  the  larva  of  argi/ricejihala. 
The  posterior  border  also  has  six  processes,  one  small  one  on  each  side 
of  the  mid<]le  line,  and  two  larger  at  the  sides.  The  spiracular  plates  are 
situated  in  the  hollow,  much  nearer  the  anterior  than  the  posterior 
border  ;  they  are  rounded  above  and  externally,  and  pointed  towards 
their  inner  and  lower  angles.  They  are  well  separated  and  distinctly 
larger  than  those  of  ariji/ricephala  ;  the  slits  are  straight  and  arc 
directed  downwards  and  inwards.  The  anal  segment  is  covered  with 
minute  spine."!  ventrally,  and  has  a  long,  divergent,  fleshy  process  on 
each  side  of  the  segment. 

The  puparium  (Plate  L^'1I,  Fig.  7)  is  light  brown  in  colour  and 
has  the  .same  processes  as  the  larva  at  the  posterior  end. 

The  Adults. 

M(ile.--¥,ves  reddish  brown,  facets  of  equal  size.  Front  very 
narrow,  and  eyes  almost  meeting  just  before  the  occllar  triangle,  which 
has  a  blue  sheen.  Parafrontals  silvery  white,  cheeks  silvery  to  dark- 
grey  with  black  hairs.  Antennic  dark  grey  almost  black;  arista  light 
brown.  Palpi  light  oransie,  darker  on  upper  surface.  Thorax  dark  blue 
with  green  reflections  in  some  lights,  and  mo.st  marked  in  recently 
hatched  specimens.  Presutural  area  with  white  jtollinose.  Abdomen 
Prussian  blue  with  green  reflections  in  some  lights.  In  all  old  specimens 
the  thorax  and  abdomen  become  of  a  purpli.sh  colour.  Legs  black.  Wings 
hyaline,  veins  well  marked  and  dark  at  bases.     Squama;  dirty  white. 

Fetnale.—{Phtc  LVII,  Fig.  8)  Front  about  ^th  width  of  head. 
Frontal  .stripe  broad  and  of  a  dark  grey  colour.  Ocelhir  triangle 
cionpated  and  with  blue  reflections.  Parafrontals  narrow  and  cheeks 
as  in  male.  Antennic  black  ;  palpi  a  little  darker  orange  than  in  male, 
in  all  other  respects  like  it. 
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Habits  of  Adults. 

Lucilia  craggiihan  undescribed  species  and  i.s  the  coniinon  blow  fly 
of  the  South  Indian  Hill  Stations,  occurring  on  the  Pulneys,  Shevroys, 
and  Nilgiris.  Recently  Major  F.  W.  Cragg,  i.M.s.,  after  whom  I  have 
much  pleasure  in  naming  it,  sent  me  some  typical  specimens  from  Kasauli, 
Punjab  ;  he  informs  me  it  is  common  there  in  September  and  October. 
In  Coonoor,  it  is  present  throughout  the  year.  Mr.  Senior-White  kindly 
showed  me  specimens  of  this  species  which  he  collected  in  Shillong  in 
October.  It  is  very  'imilar  in  its  habits  to  the  well-known  European 
lilow  files,  Calliphora  erythrocepkala  and  C.  vomitoria.  The  females 
regularly  enter  rooms  on  warm,  sunny  days,  particularly  dining-rooms, 
attra  ted  by  the  smell  of  food,  especially  meat.  They  will  readily 
oviposit  on  stale  meat,  and  if  the  meat  safe  is  left  open,  will  lay  their 
eggs  on  cooked  or  uncooked  meat.  It  is  quite  common  to  find  a  ma.ss 
of  its  eggs  on  meat,  especially  on  fat,  at  the  butchery,  Coonoor.  Lucilia 
craggii  breeds  in  nature  in  the  dead  bodies  of  birds  and  .small  animals, 
and  its  larvae  are  most  efficient  scavengers.  I  have  bred  it  in  large 
numbers  in  decomposing  bodies  of  rabbits.  As  far  as  I  am  aware,  it  does 
not  oviposit  in  living  ti.ssues.  Both  sexes  are  commonly  infected  with 
Herpetomonas  mirdbilis  and  H.  muscae  domesticae. 
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Ix  Fart  II  of  this  series,  I  described  and  illustrated  two  species  of 
LutHifi.  L.  firrji/rireplifilfi  Macq..  and  L.  crufjfjii  Patton,  ami  recorded 
three  cases  of  cutaneous  myiasis  in  animals  from  the  Bombay  Presidency 
cau.sed  by  the  larvae  of  the  former.  Although  argyricephahi  is  known 
to  be  a  myiasis-producing  calliphorine  in  Africa,  I  believe  this  is  the 
firxt  record  of  the  occurrence  of  its  larvae  in  the  ti8.sues  of  animals  in 
Imlia.  There  can,  however,  be  little  doubt  that  when  its  larva)  are 
better  known,  they  will  be  found  in  many  more  cases  of  animal  myiasis 
in  India  and,  perhaps,  also  in  cases  of  human  myiasis.  The  larva;  of 
Lucilia  craggii  have  not  been  received  from  any  case  of  myiasis. 
(     555     ) 
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Ill  tlii.s  pjqjer  1  proijose  describing  and  illustrating  C/ir/jaoini/ia 
meyacephala  Fabr.,  the  common  Blue  Bottle  fly  of  India,  and  recording 
three  cases  of  myiasis  in  animals  caused  by  its  larvaj.  The  common  Blue 
Bottle  of  the  Nilgiri  Hills,  which  is  a  new  species,  is  also  described  and 
illustrated.  The  following  notes  relate  to  the  two  cases  mentioned 
above. 

Case  1. — A  number  of  living  and  dead  larva;  of  C.  megacephula 
were  sent  to  me  by  Mr.  B.  B.  Joshi,  Officer-in-charge  of  the  Public 
Veterinary  Hospital,  Bhaniburda,  Pooiia,  collected  from  a  wound  on  the 
horn  of  a  bull  calf. 

Case  2. — Large  number  of  the  first  and  second  stage  larvaj  of 
megaccphala  were  sent  by  the  same  officer  collected  from  wounds  in  the 
vagina  of  a  cow  which  had  recently  calved. 

Case  3. — A  number  of  living  larvae,  third  stage  larvae  of  C 
megacephala,  and  some  puparia  were  sent  by  C.  Dixon,  Veterinary 
Assistant,  Ahmedabad.  The  la rva:>  were  collected  from  an  unhealthy 
ulcer  on  the  back  of   a  donkey. 

Chnjsomyia  Meyacephula  Fabr. 

Early  Stages. 

The  egg  of  Chrysomyia  megacephala  closely  simulates  that  of 
C.  bezzUma  already  described  and  figured  in  Part  I  of  this  series;  it 
measures  l-16th  in.  in  length  and  is  of  a  lemon  yellow  colour.  The 
two  chorionic  ridges  are  well  marked,  and  if  anything  closer  together 
than  in  the  egg  of  bezziana.  The  eggs  are  laid  in  a  mass,  and  the 
number  varies  from  400  to  6.50.  The  larva>  hatcli  out  in  about  24 
hours,  according  to  the  temperature. 

The  mature  larva  (Plate  LVIII,  Fig.  1)  measures  9-16th  in.  in  length 
and  is  of  a  white  colour.  The  antennae  project  as  two  well-developed 
prominences  on  each  side  of  the  oral  opening.  The  prothorax  is  armed 
with  a  narrow  belt  of  many  rows  of  minute,  brown,  recurved  spines.  The 
anterior  spiracles,  which  project  from  the  sides  of  the  lower  border  of  the 
segment,  are  distinctly  yellowish  and  consist  of  12  knob-like  processes, 
sometimes  11,  and  often  13.  The  mesothorax,  metathorax  and  first 
seven  abdominal  segments  have  on  each  side  in  front  of  the  girdle  of 
spines  a  small  pad  which  is  also  armed  with  rows  of  spines.  On  their 
ventral  surfaces  there  is  also  the  usual  pad  covered  with  spines.  The 
eighth  segment  (Plate  LVIII,  Fig.  2)  is  only  armed  with  spines  on  its 
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lateral  ami  veiitwl  surfaces.  The  eiul  i>f  tlio  segment  is  deeply  loiuuvo, 
the  uiiteru)r  lip  has  three  pointed,  fleshy  processes  on  each  side,  the 
central  being  the  smallest.  The  lower  lip  also  has  three  pointed 
processes,  a  small  one  on  each  side  of  the  middle  line  and  two  lar>jer 
ones  at  the  sides.  The  spiracular  plates,  which  line  in  the  hollow  ivrc 
exceptionally  large,  and  placed  close  together.  Each  plate  is  some- 
what D-shaped  and  is  surrounded  by  a  black  rim  of  chitin,  which  is 
wanting  at  the  lower  and  inner  angle.  The  three  slits  are  broad  and 
mahogany  brown  in  colour.  In  the  drawing  the  plates  are  shown  a 
little  closer  together  than  they  usually  are.  The  ninth  segment  forms 
a  well-marked  projection  below  the  eighth,  and  has  a  long  pointed 
process  on  each  side  ;  its  lower  and  anterior  surface  is  covered  with 
dark,  recurvetl  spines. 

The  puparium  (Plate  LVIII,  Fig.  :5)  is  mahogany  brown  in  colour, 
and  has  the  same  markings  and  proce.sses  as  the  larvae.  The  anterior 
spiracles  project  from  the  anterior  extremity  an<l  are  distinct  yellow, 
fan-shaped  processes. 

The  Adults. 

Male. — Eyes  in  life  of  a  characteristic  brick  red  and  closely 
approximated,  with  a  band  of  large  lenses  occupying  about  J 
length  of  eye,  but  not  extending  to  the  outer  or  occipital 
margin,  remaining  lenses  very  small  and  completely  surrounding 
the  large  lens  area  which  is  of  a  brighter  colour  than  the  small  of 
small  lenses.  Ocellar  triangle  prominent,  ocelli  amber  coloured. 
Parafrontals  silvery.  Third  .segment  of  antenna  usually  light  orange, 
but  in  many  specimens  the  upper  surface  is  dark  ;  arista  dark.  (Jheeks 
creamy  buff  with  long  yellow  hairs;  jwlpi  orange.  Thorax  dark  green 
with  blue  and  bronze  reflections  ;  presutural  area  dusted  with  white 
pollinose,  with  a  pair  of  dark  admedian  bands  and  a  dark  triangular 
I)atch  behind  the  humerus  on  each  side.  Scutellum  steel  blue  with  green 
reflections.  Abdomen  dark  green  with  blue  reflections  and  with  dark 
blue  ba.sal  horizontal  bands  to  segments  two  and  three ;  last  .segment 
with  white  pollinose  and  pinkish  reflections  in  fresh  specimens.  Legs 
dark  brown  ;  femora  with  some  green  reflections.  Wings  hyaline  ;  veins 
dark  at  their  bases.     Squamse  ochraceous  with  dark  hairs. 

Je»w/e.— (Plate  LVIII,  Fig.  4).  Front  wide  about  j  width  of  head, 
frontal  stripe  reddish  brown  to  dark  brown,  widest  about  the  middle. 
Parafrontals  creamy  yellow  ;  cheeks  buff  with  yellow  hairs;  in  all 
other  respects  like  the  male. 
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Habits  of  Adults. 
Chri/simi/ia  megacephtda  is  the  common  bazaar  Blue  Bottle  and 
may  be  seen  in  large  numbers  sitting  on  meat  and  sweets.  Fletcher, 
referring  to  it  under  the  name  Jiaviceps  in  '  Some  South  Indian  Insects,  ' 
says,  '  It  has  proved  a  serious  pest  tn  toddy  in  South  Kanara,  sucking  a  11 
the  juice  exuding  from  the  palm  spathes,  fouling  the  pots,  spathes 
and  juice  with  excrementitious  matter  and  swarming  around  the 
vessels.' 

I  have  caught  large  numbers  of  both  sexes  on  the  decomjiosing 
bodies  of  animals  on  which  the  females  readily  ovipo.sit.  Mr.  Ballard 
has  found  this  species  breeding  in  the  manure  heap  at  the  Agricultural 
College,  Coimbatore.  I  have  had  large  numbers  of  the  larvae  sent  me  by 
the  Veterinary  Assistant,  Ongole,  collected  from  the  bodies  of  dead  cattle, 
and  Mr.  Joshi,  Poena,  has  sent  me  the  adult  flies  caught  on  decomposing 
bodies  of  cattle  at  Poena.  C.  megacephala  is  therefore  primarily  a 
uecrephagous  fly,  and  breeds  in  a  variety  of  food  stuffs,  but  mainly 
in  decomposing  animal  matter.  It  appears  only  occasionally  to 
lay  its  eggs  on  diseased  tissues  of  animals.  It  is  found  throughout 
India,  Burma,  As.sam  and  Ceylon.  Mr.  Froggatt  recently  sent  me  a 
typical  specimen  from  the  Hebrides.  It  is  recorded  from  Guinea  and 
Java. 

Beth  sexes  are  commonly  infected  with  Herpeiomonas  minibths 
Roubaud  and  Herpeiomonas  mitscae  domesticac. 

Chrysoinyia  nigriceps,  Sy.  Nov. 

Early  Stages. 

The  egg  of  nigriceps  is  of  a  lemon  yellow  colour,  and  measures 
l-16th  in.  in  length.  The  chorionic  ridges  are  closely  approximated, 
uniting  just  before  the  blunt  end,  and  diverging  at  the  anterior  end  to 
enclose  the  micropilar  opening.  The  counts  of  eggs  laid  by  a  number  of 
females  varied  from  760  to  880.  The  eggs  are  always  laid  out  of  sight 
under  the  body  of  a  bird  or  animal.  As  many  as  thirty  females  have 
been  observed  laying  their  eggs  together  in  one  mass,  and  several  of 
these  became  imprisoned  in  the  masses  of  eggs  laid  around  them. 

The  mature  larva  (Plate  LYIII,  Fig.  5)  measures  7-12ths  in.  in  length 
and  is  of  a  creamy  yellow  colour.  The  prothorax  has  a  dorsal  belt  of 
minute,  dark  brown,  recurved  spines,  but  is  smooth  on  the  ventral  side. 
The  anterior  spiracles  project  from  the  sides  of  the  lower  border,  and  each 
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consists  of  a  fun-shaped  yellow  process  with  12  finger-liko  projections. 
The  mesothorax,  metathonix  and  the  first  seven  abdominal  segments 
each  have  a  belt  of  small,  dark,  brown  recurved  spines  in  six  or  seven 
rows  ;  the  spines  are,  however,  not  so  well  developed  as  in  the  larva  of 
C.  nwijdcepliala  ;  they  are  wanting  on  the  dorsal  surface  of  the  sixth  and 
seventh  segments.  There  is  a  small  pail  with  several  rows  of  spines  just  in 
front  of  the  belts  on  each  of  the  first  six  abdominal  segments.  Each 
segment  also  has  a  well  developed  ventral  pad  armed  with  several  rows 
of  spines.  The  end  of  the  eighth  segment  (Plate  LVIII,  Fig.  6)  forms  a 
shallow  depression.  The  anterior  lip  has  three  pointed  processes  on 
each  side  of  the  middle  line,  but  not  so  well  developed  as  in  the  case  of 
the  larva  of  C.  inegacephala  ;  the  middle  process  is  small  and  usually 
more  or  less  blunt.  The  ventral  lip  has  a  small  pointed  process  just 
external  to  the  middle  line  on  each  side,  and  two  longer  ones  at  the 
sides. 

The  spiracular  plates  are  large  but  not  so  large  as  those  of  the  larva 
of  megacephala  and  are  a  little  further  apart.  Each  plate  is  pear- 
shaped  and  has  a  well  marked  border  of  darkchitin,  interrupted  at  the 
lower  and  inner  angle.  The  slits  are  broad  and  dark  brown  in  colour. 
The  ninth  segment  is  prominent,  and  has  a  pointed,  fleshy  process  on  each 
side.  It  is  armed  with  dark  recurved  spines  on  its  lower  and  anterior 
surfaces. 

The  puparium  (Plate  LVIII,  Fig.  7)  is  mahogany  brown  in  colour, 
and  has  the  same  markings  and  processes  as  the  larva. 

Adulls. 
Male. — Eyes  closely  approximated  and  reddish  brown  in  life  with  an 
area  of  large  lenses  extending  about  ^  length  of  the  eye,  but  not  reaching 
the  sides  and  occipital  margin,  the  remaining  lenses  are  small  and 
completely  surrounding  the  large  lens  area.  Ocellar  triangle  dark,  ocelli 
amber  coloured.  Parafrontals  dark  orange,  cheeks  dark  grey  to  black 
with  some  yellow  dusting  and  covered  with  golden  hairs.  Antenna- 
dark  orange  ;  upper  surfaces  dark  grey  to  black  ;  arista  dark  grey  ;  palps 
dark  orange.  Thorax  dark  blue  with  some  green  reflections  ;  presutural 
area  with  white  dusting  anteriorly  and  two  narrow  dark  blue  admedian 
bands,  and  a  triangular  dark  blue  jiatch  behind  each  humerus  ; 
scutellum  dark  blue.  Abdomen  dark  blue  with  some  green  reflections 
and  dark  bands  to  lower  borders  of  segments  two  and  three.  In  freshly 
hatched  specimens  the  List  segment  is  whitish  with  some  pink  reflections. 
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Legs  bliick,  lemorii  with  some  blue  reflections.  Wings  hyaline,  veins 
Well  marked,  basal  points  light  brown;  squamae  ochraceous  with  dark 
hairs. 

2^e»ta/e.— (Plate  LVllI,  Fig.  8.)  Front  wide  about  l-;3rd  widtii  of 
head,  dark,  grey  to  black  witii  some  bluish  reflections  at  vertex.  Frontal 
stripe  wide  greyisli  black  :  panifrontals  dark  grey.  Cheeks  greyish 
brown  with  yellow  hairs.     In  all  other  respects  similar  to  the  male. 

Habits  of  Adults. 
Dr.  Villeneuve  informs  me  that  this  Ckrysomyia  is  an  undescnbed 
species,  and  I  propose  naming  it  nigriceps.  The  females  only  occa.«ionally 
enter  houses  attracted  by  the  smell  of  food.  It  breeds  in  nature  in  the 
dead  bodies  of  birds  and  small  animals,  and  its  larvae  are  very  efficient 
scavengers.  I  have  bred  it  in  large  numbers  in  the  bodies  of  rabbits. 
I  have  taken  specimens  at  Kallar  at  the  foot  of  the  Coonoor  Ghat  about 
2,000  feet.  Mr.  Senior-Whits  collected  a  number  of  specimens  in  Shillong 
in  October  and  I  have  seen  specimens  from  Darjeeling. 
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In  Part  III  of  this  series  I  described  Chrysomyia  meyncepluilii  Escli., 
and  recordetl  for  the  first  time  three  cases  of  cutaneous  myiasis  in 
animah  caused  by  its  larva?.  It  will  be  remembered  that  this  species  has 
been  in  the  past  confu.sed  with  C.  flarireps,  which  is  distinct,  and,  as  far 
as  I  have  been  able  to  ascertain  does  not  occur  in  India.  I  also 
described  a  new  species  of  blow  fly,  ('.  niyriceps,  from  t'f)onoor. 

In  the  present  paper  I  propo.se  describing  and  illustratinfj  Chrysom- 
yia nlbireps  Wied.,  a  widely  distributed  blow  fly,  and  one  of  the  well 
known  Sheep  Mapgot  Flies  of  Australia,  where  it  is  known  by  the  name 
of  ritfifaries  Froggatt  ;  and  another  new  species  from  .South  India,  which 
I  have  much  pleasure  in  naming  after  my  fri<'iid  Dr.  Villeneuve. 
(    561     ) 
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Both  these  species  are  of  peculiar  interest,  for  they  have  very 
characteristic  predaccoiis  third  stage  larvee,  which  are  quite  unlike 
anv  (if    the  larva-  "f  tin-  (itlicr  species  of  ('],f}/sn))i>/ia  yet  described. 

__J  Chnjsomijia  albircps  Wwd. 

Ear} If  Stages. 

The  egg  of  albicejys  measures  ^  in.  in  length  and  is  slightly 
broader  than  the  eggs  of  the  other  species  of  Calliphorinae  ;  it  is  of  a 
lemon  yellow  colour.  The  chorionic  ridges  are  closely  approximated, 
meeting  just  before  the  posterior  end  of  the  egg,  and  diverging  slightly 
at  the  anterior  end  to  enclose  the  micropilar  opening.  The  eggs  hatch  in 
from  ii  to  36  hours,  according  to  the  temperature.  They  are  laid,  as  a 
rule,  among  the  eggs  of  other  species,  but  may  be  laid  separately  in  a 
mass.  I  have  not  been  able  to  count  the  exact  number  of  eggs  laid  by  a 
female,  but  from  dissections  it  would  appear  that  they  may  vary 
from  300  to  450. 

The  first  stage  larva  is  structurally  like  that  of  C.  megacephala  and 
C.  nigriceps,  and  has  none  of  the  fleshy  processes  seen  in  the  third  stage. 
These  only  develop  in  the  second  instar  in  which  they  are  small,  only 
reaching  their  full  size  in  the  third  stage. 

The  mature  larva  of  albiceps  (Plate  LIX,  Fig.  1)  measures  a 
little  less  than  ^  in.  in  length,  and  is  of  a  greyish  yellow  colour,  the 
dorsal  surface  is  marked  with  dark  patches,  and  the  ventral  creamy 
white.  The  anterior  end  is  markedly  attenuated.  The  antennae  consist 
of  two  blunt  prominences,  each  with  a  small  subapical  blunt  process. 
There  is  a  broad  belt  of  black,  recurved  spines  behind  the  head 
segment,  they  are  smaller  on  the  lateral  and  ventral  surfaces  but 
larger  on  the  dorsal  face.  At  the  anterior  end  of  the  prothorax 
there  is,  on  each  side,  a  row  of  very  small,  blunt,  fleshy  processes, 
two  dorso-lateral  and  two  ventro-lateral.  The  yellow,  fan-shaped, 
anterior  spiracles  project  from  the  sides  of  the  lower  border  of  the 
segment,  and  consist  of  from  9  to  11  small,  button-like  proce.sses.  The 
mesothorax  has  a  well  marked  belt  of  from  8  to  10  rows  of  black,  recurved 
spines  at  its  anterior  margin  ;  the  spines  are  larger  and  more  numerous 
on  the  dorsal  than  the  ventral  surface.  Just  behind  the  belt,  there  is  a 
row  of  eight  blunt,  fleshy  processes,  four  on  each  side,  two  dorso-lateral 
and  two  ventro-lateral  ;  the  upper  ventro-lateral  process  is  the  more 
prominent  of  the  two.     The  metathorax  is  similarly  armed  with  an 
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iinterior  belt  of  recurved  spines,  which  are  poorly  developed  on  the 
ventral  surface.  In  addition,  the  whole  dorsal  surface  of  the  segment  is 
covered  with  small  black  spines  and  there  is  a  dark  yellow  band 
occupying  the  middle  of  the  dorsiil  surface.  Behind  the  belt  of  spines 
there  is  a  row  of  eight  more  elongated,  Heshy  processes,  four  on  each 
side,  two  dorso-lateral  and  two  ventro-lateral.  Each  process  is 
smooth  and  has  a  tuft  of  black  spines  at  its  ane.x.  The  nppci 
ventro-lateral  process  is  the  more  elongated. 

The  first  abdominal  segment  has  a  narrow  belt  of  sj)ines  which  is 
better  marked  on  the  ventral  surface,  and  the  whole  of  the  tlor.sal  and 
lateral  surfaces  of  the  segment  are  covered  with  small  dark  sj)ines. 
There  is  a  row  of  eight  long,  fleshy  proce.sses  projecting  backwards  as 
in  the  metathorax,  each  with  a  smooth  stalk  and  a  tuft  of  black 
spines  at  its  apex.  The  fourth  process,  which  is  situated 
ventro-laterally,  has  a  smaller  process,  arising  from  its  base  ju.st 
behind  tiie  anterior  border  of  the  segment.  Situated  on  a  ridge  on 
the  ventral  surface  of  the  segment  there  is  a  row  oi  six  small 
blunt  proce.s.ses,  three  on  each  side  of  the  middle  line.  The 
abdominal  segments. 2  to  7  inclu.sive,  are  similarly  armed,  and  there  is  the 
u.sual  jiad  covered  with  spines -on  the  ventral  surfaces  of  the  segments. 
The  dorsal  surfaces  of  the  segments  are  dark,  the  colouring  forming 
more  or  le.ss  distinct  spots  on  each  side  of  the  middle  line  as  is  shewn 
in  the  drawing.  The  end  of  the  eighth  segment  (Plate  LIX,  Fig.  2) 
is  deeply  hollowed  out.  The  anterior  lip  has  three  long,  fleshy  processes 
on  each  side,  each  with  a  tuft  of  spines  at  its  apex.  The  lower 
lip  has  two  long,  'lateral  proces.ses  the  outer  the  longer  of  the  two  ; 
below  the  lower  lip  and  above  the  ninth  segment  there  is  a  process  on 
each  side  of  the  middle  line.  The  hollow  is  blotL-hed  and  streaked 
with  yellowish  brown  patches   of  pigment. 

The  posterior  spiracles  are  somewhat  small  for  the  size  of  the  larva, 
each  is  p€ar-.shaped  and  has  a  continuous,  broad  rim  of  dark  chitin  ;  the 
three  slits  are  broad  and  dark  brown  in  colour.  The  ninth  segment  is 
very  prominent,  and  is  covered  with  black,  recurved  spines,  and  has  a 
small,  fleshy  proce.ss  on  each  side. 

The  .second,  but  njore  particidarly  the  third,  stage  larva  of  albicrps 
is  entirely  predaceous,  feeding  on  the  larvae  of  other  C'alli|)lioriniB. 
I  first  observed  it  in  Mesopotamia,  where  it  was  common  to  find  it 
feeding  on  the  larva>  of  Mtttica  delerminala  and  M.  humilis\n  heaps  of 
horse  manure.     In  (oonoor,  1  have  been  able  to  study  its  habits  iiioru 
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carefully  t>y  laying  out  a  number  of  decomposing  bodies  of  rabbits. 
The  female  fly,  on  coming  to  the  bait,  hunts  about  until  she  finds  a 
number  of  other  Calliphorinsc  laying  their  eggs,  she  then  lays 
hers  among  theirs,  and  1  have  observed  the  eggs  being  laid 
among  those  of  C.  met/a cephala,  C.  nigriceps  and  L.  craggii.  The  first 
stage  larva  feeds  on  the  decomposing  body,  and  after  about  36  hours, 
changes  to  the  second  stage;  it  then  begins- feec'ing  on  the  larvae  of 
the  other  species.  This  stage  la.sts  about  2  to  3  days  and  the  third 
stage  larva  now  feeds  entirely  on  the  other  larvae.  When  a  larva  conies 
within  its  reach  it  curls  round  it,  giasping  it  firmly  with  the  spiney  ninth 
segment,  and  immediately  burying  its  mouth  jjar^s  into  the  larva,  nearly 
alwavs  in  the  metathorax  or  first  abdominal  segment  ;  it  holds  it  in  this 
way  until  it  has  sucked  out  all  its  juices.  I  have  hardly  ever  seen  a  larva 
escape  once  it  has  been  caught.  It  will  readily  attack  a  larva  twice  its 
size,  such  as  a  mature  larva  of  Sarcophaga.  Structurally,  it  is  well  adapt- 
ed for  this  habit,  for  it  will  bo  noted  that  the  head  end  is  markedly 
attenuated  for  penetration  into  the  tissues  of  its  prey.  I  will,  on 
another  occasion,  describe  the  mouth  ])arts  and  sucking  apparatus  of 
this  larva  and  those  of  the  ne.xt. 

The  puparium  is  darlc  brown  in  colour,  the  dor.sal  surface  markedly 
convex  ;  it  has  the  same  processes  as  described  for  the  larva  and  can 
always  be  recognized  by  noting  that  they  are  smooth  except  for  the  apex 
which  has  a  group  of  dark  spines. 

TJiP  AduUs. 

Male. — Eyes  reddish  brown;  approximated,  lenses  of  equal  size. 
Vertex  dark  green,  sometimes  bluish  ;  ocellar  triangle  black  ;  ocelli  amber 
coloured.  Parafrontals  light  to  dark  grey  with  silvery  hairs.  Cheek 
white  with  long  silvery  hairs.  Antennas  dark  orange  with  basal  segments 
reddish  brown;  arista  dark  grey.  Palpi  light  orange.  Thorax  green, 
often  dark  green  with  blue  bronze  reflections  ;  presutural  area  with  white 
dusting  and  two  narrow,  dark  green,  admedian  bands,  and  a  triangular 
dark  patch  behind  each  humerus  ;  thoracic  stigmata  yellowish  white. 
Abdomen  green  with  bronze  reflections,  and  broad,  d^rk  blue  bands 
at  the  lower  borders  of  segments  two  and  three.  Last  segment  with 
white  dusting  and  pink  reflections  in  fresh  specimens.  Legs  black,  all 
femora  with  green  reflections.  Wings  hyaline,  fourth  vein  with  very 
short  appendix  at  bend,  more  marked  in  the  male,  and  usually  present 
in  all   specimens  though  it  may  be  very  weakly  developed. 
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Female.— (P\&te  LIX.  Fig.  3.)  Front  wide  about  ^  width  of  head  ; 
vertex  metallic  green  with  bluish  retleition.  Frontal  stripe  narrow,  dark 
grey  to  black  ;  jarafrontals  silvery  grey  to  dark  grey  ;  cheeks  silvery 
and  near  middle  line  with  a  dark  orange  tinge  when  seen  from  below. 
Bands  on  thorax  and  abdominal  segments  well  marked,  especially  those 
of  the  latter  ;  in  all  other  respects  like  the  male. 

Habits  of  the  Adults. 

Chrysomyia  albiceps  is  one  of  the  important  necrophagous  calli- 
phorines  of  India.  Its  larvae  are  commonly  found  in  company  with 
those  of  mefjfirephaJe  and  in  Coonoor  with  C.  nigriceps.  It  does  not 
appear  to  breed  in  recently  dead  animals,  but  only  when  decomposition 
is  well  advanced.  I  have  only  seen  a  few  specimens  from  meat  stalls 
in  the  bazaars,  and  have  never  obtained  its  larvae  from  offal  or  bits  of 
meat  which  are  commonly  found  about  Indian  butcheries.  C.  albiceps 
is  widely  distributed  in  India. 

Recently  I  have  had  the  opportunity  of  examining  a  collection  of 
Australian  Calliphorinae  kindly  sent  me  by  Mr.  \V.  W.  Froggatt,  whose 
work  on  the  Australian  species  is  so  well  known.  On  comparing  albiceps 
with  riifijficies  Guerin.  it  was  at  once  clear  that  they  arc  identical. 
Mr.  Froggatt  also  sent  me  the  third  stage  larva  of  rujijanes,  which 
he  has  described,  and  it  is  exactly  similar  in  every  detail  with  the 
third  stage  larva  of  albiceps  which  I  have  reared  in  India  and  in 
Mesopotamia.  Chrusnmijia  rufifacics  must  therefore  in  future  be  known 
as  albiceps. 

In  Australia,  this  species  is,  according  to  Mr.  Froggatt,  one  of  the 
important  sheep-maggot  flies.  Mr.  Froggatt  .states  that  in  1905,  it 
was  not  one  of  those  known  as  an  active  agent  in  the  work  of  blowing 
soiled  wool  on  living  sheep.  It  was  not  among  those  recogni.sed  as  sheep 
flies  in  the  paper,  published  in  the  Gazette  for  January  1905,  and  as  late 
as  1910,  when  I  furnisheil  another  contribution,  "  Sheep  Maggot  Fly  in 
the  West."  we  had  not  bred  this  species  from  maggots  in  soiled  wool, 
though  in  the  West  it  was  very  plentiful  about  killing  yards,  freshly 
skinned  sheej)  and  dea<l  animals. 

The  publication  of  the  notes  in  1910  brought  much  interesting 
inforniation  and  material  from  sheep-owners,  and  we  soon  found  from  the 
infested  wool  thus  received  that  the  so-called  "  hairy  niaggrits,"  well 
known  to  the  squatters,  were  the  larvicof  this  fly,  uiid  that  it  al.s(j  bred  in 
Boiled  wool.     Hut  at  that  date  they  were  not  as  common  as  the  two  other 
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species  of  yellow  house  blow  flics,  CctUiphom  oceaniw  (Anastellonhiiia 
augur),  C.  villosa  (Pollenia  sfi/ffia).  wliioli  up  to  this  date  had  been  the 
chief  culprits. 

This  is  another  case  of  the  adaptation  of  new  habits  by  a  previously 
harmless  insect,  on  account  of  new  conditions  arising— in  this  case  the 
presence  of  smelly  wool.  From  our  present  investigations  in  the  northern 
and  western  districts  of  this  State,  and  western  Queensland,  it  is 
evident  that  this  is  now  the  common  sheep-maggot  fly,  while  the 
two  other  species,  from  which  it  probably  first  acquired  the  habit, 
have  almost  entirely  disappeared  from  this  great  area  during  the 
early  summer  months.  At  the  time  of  writing,  they  certainly  do  very 
little  damage  for  six  months  in  the  year  in  comparison  vnth 
C.  rufijacies.' 

It  will  be  noted  from  the  above  remarks  that  albiceps  is  considered  a 
serious  pest  in  Australia,  and  that,  according  to  Mr.  Froggatt,  it  has  only 
within  recent  years  taken  to  laying  its  eggs  in  soiled  wool.  Knowing  the 
habits  of  its  third  stage  larvae  in  India  and  Mesopotamia,  it  seems  curious 
that  there  is  no  record  of  their  feeding  on  those  of  other  Calliphorinae  in 
Australia.  Mr.  Froggatt  believes  the  female  fly  has  acquired  the  habit 
of  laying  its  eggs  in  soiled  wool  from  the  two  other  flies  mentioned 
above. 

It  seems  to  me,  however,  that  another  explanation  may  be  given 
'•for  this  newly  acquired  habit.  The  female  albiceps  may  have  laid 
its  eggs  among  the  eggs  and  larvae  of  other  Calliphorinse  in  soiled 
wool,  so  that  its  third  stage  larvse  may  obtain  as  their  normal  food  the 
larvse  of  other  Calliphorinae.  Having  once  discovered  this  plentiful 
supply  of  food  for  its  second  and  third  stage  larvse,  the  fly  would 
rapidly  multiply,  reducing  the  other  species  in  numbers,  which 
Mr.  Froggatt's  statements  suggest.  It  would  be  interesting  to  know 
whether  the  larvse  of  albiceps  are  commonly  found  in  soiled  wool  in 
the  absence  of  the  larvse  of  any  other  species.  If  this  is  the  case,  and 
Mr.  Froggatt  seems  to  suggest  this,  then  the  third  stage  larva  of 
albiceps  in  Australia  has  become  necrophagous  in  habit.  But  it 
appears  possible  that,  when  in  large  numbers,  it  would  be  difficult 
to  find  any  other  larvffi  with  it,  as  it  would  have  destroyed  them  ; 
this  is  an  interesting  problem  and  would,  I  believe,  well  repay  further 
investigation.  In  any  case,  the  fact  that  rufijacies  is  identical  with 
albiceps  is  of  considerable  importance  to  India,  for  this  fly  may,  in  this 
country,  acquire  similar  habits, 
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Phri/somi/in   vmeneurii  Sp.  Xnv, 
Earli/  St(i</cs. 

The  egg  of  C.  villeiteuvii  measures  /^  i"-  i"  lon^'tli  and  is  very  similar 
in  structure  to  that  of  other  species  already  descril)ed.  The  two  chorionic 
ridges  are,    if  anything,  more  closely  approximated. 

The  mature  larva  of  villeneucii  {Phte  LIX,  Fig.  4)  measures  Jin.  in 
length  and  is  of  a  dark  grey  colour  throughout, the  middle  of  the  segments 
being,  if  anything,  darker  ;  the  anterior  end  is  markedly  attenimted- 
The  antennse  consist  of  two  prominent  processes  on  each  side  of  tlie 
head  segment,  posterior  to  which  there  is  a  well-developed  girdle  of 
strong,  black,  recurved  spines,  which  are  better  marked  on  the  dorsal 
than  on  the  ventral  surface.  The  prothorax  has  a  row  of  .short,  blunt 
proccs-ses  at  its  anterior  end,  two  dorso-lateral  and  two  vent ro-lat era  1. 
The  fan-shaped,  yellowish,  anterior,  spiracular  processes  project  from 
each  side  of  the  lower  border  of  the  .segments,  each  ending  in  14  small 
stigmatic  processes.  The  mcsothorax  has  an  anterior  girdle  of  dark, 
recurved  spines,  and  behind  it  a  row  of  better  developett,  blunt  processes 
as  iu  the  prothorax.  The  metatliorax  is  without  a  girdle  nf  spines, 
the  whole  segment  being  covered  with  minute,  dark,  straight  denticles  ; 
it  al.so  has  a  row  of  fleshy  processes,  the  dor.sal  one  is  more  elongated 
and  covered  with  minute,  black  denticles  with  a  distinct  apical  tuft  of 
larger  ones  ;  the  dorso-lateral  process  is  longer  than  the  lower  one. 
On  the  ventral  surface  of  the  segment  situated  on  a  ridge  there  is  a  faint 
identification  of  two  knob-like  processes  on  each  side  of  the  middle 
line. 

The  first  abdominal  segment  is  similarly  armed  with  two  dor.sal  and 
two  lateral  longer  backwardly-directed  processes,  the  dor.sal  being  mucli 
longer  than  the  lateral.  The  lower  lateral  process  has  a  smaller  proccs.'^ 
ari.sing  from  its  base.  On  the  ventral  surface  there  is  a  row  of  six  blunt 
proce.s.ses  ona  ridge,  three  on  each  side.  The  abdominal  segments,  2  to  7. 
inclusive,  are  similarly  armed.  The  eighth  .segment  has  no  tubercles  on 
its  ventral  surface,  but  only  a  ridge  with  well-developed  spines.  The  end 
of  the  segment  (Plate  LIX,  Fig.  5)  is  deeply  hollowed  out,  the  dorsal  lip 
ovprhangineit.  It  is  armed  with  three  long  fiesliy  j)roce.sses  on  each  side, 
the  third  being  situated  at  the  edge.  The  lower  lip  formsa  long,  broad 
ledge,  and  has  two  long  processes  at  the  sides,  and  two  below  the  edge 
on  each  siileof  the  middle  line.  The  posterior  spii-ades  are  situated  in 
the  hollow,  and  consist  of  two  almost  round,  broad,  chitinous  rings  of  a 
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dark  brown  or  reddish  brown  colour.  The  three  slits  are  broad  and  of  a 
lighter  colour.  The  ninth  segment  is  prominent  and  is  covered  with 
strong  black  denticles,  and  has  two  small,  fleshy  processes  at  the  sides. 
The  segment  is  used  by  the  larva  in  progression,  and  more  particularly 
in  holding  its  prey. 

The  first  stage  larva  of  villenenvii  is  exactly  similar  in  general  struc- 
ture to  that  of  the  other  species  described  in  these  notes  ;  it  is  a  short 
stage,  lasting  about  36  hours.  The  second  stage  has  small,  fleshy 
processes  like  the  mature  larva,  but  these  only  reach  their  full 
development  in  the  last  instar.  The  second  instar,  but  more 
particularly  the  third,  is  extremely  perdaceous.  A  few  of  these  will,  in  a 
very  short  time,  destroy  a  large  number  of  other  larvae  in  a  decomposing 
body  ;  and  they  will  readily  feed  on  the  larvae  of  albiceps  in  the 
absence  of  others.  Text  Fig.  1  shows  one  of  these  larvae  feeding  on 
large  Sarcophaga  larva  ;  its  method  of  holding  its  prey  with  the  spiney 
ninth  segment  is  well  shown  in  the  drawing.  It  is  not  uncommon  to 
find  two  larvae  of  villeneuvii  feeding  on  the  same  larva  (Text  Fig.  2). 


Text  Fig,  1.  Mature  lai-va  of  C.  villeneuvii 
feeding  on  a  larva  of  Sarcophaga. 


Text  Fig.  2.  Two  larvs  of  C.  villeneuvii 
feeding  on  a  larva  of  Sarcophaga. 


The  third  stage  larvae  of  C.  villeneuvii,  like  those  of  C.  albiceps,  are 
certainly  useful  in  India,  as  they  destroy  a  large  number  of  other  blow 
Fly  larvae. 

The  puparium  is  of  a  dark  colour,  and  never  becomes  mahogany 
brown.  It  has  all  the  spines  and  processes  of  the  mature  larva,  so  that 
these  need  not  be  described  again. 

The  Adults. 
Male. — Eyes  widely  separated,  reddish  brown,  and  lenses  of  equal 
size.     Front  a  little    more    than  1  width    of   head,    greyish    white    to 
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yellowish  white.  Vertex  dark  with  metallic  sheen  on  each  side  of  ocellar 
triangle.  Frontal  stripe  dark  brown  ;  jwrafrontals  greyish  yellow. 
Cheeks  blackish  with  lonr;  yellow  hairs.  Antennae  dark  grey  to  black  ; 
basal  segments  and  upper  portion  of  third  segment  dark  orange. 
Epistoma  dark  orange.  Palpi  dark  orange  with  black  bristles.  Thorax 
dark  metallic  blue  with  green  reflections.  Prcsutural  area  with  two 
narrow  dark  green  admedian  bands,  and  a  dark  green  triangular  patch 
behind  each  humerus.  Abdomen  dark  metallic  blue  with  green  and 
^•iolet  reflections  ;  narrow  dark  bands  at  bases  of  segments  two  and 
three.  \\Tiole  abdomen  covered  with  long  black  hairs  which  form 
a  characteri.stic  fringe  all  round  it.  Legs  black,  extremely  well 
developed  ;  all  femora  metallic  blue,  markedly  dilated,  and  armed 
with  a  fringe  of  long  black  hairs  on  upper  and  lower  borders  ;  tarsi 
well  developed  and  claws  unusually  large.  Wings  hyaline,  all  veins 
strongly  developed  ;  squamae  yellowish  white  with  light  hairs. 

Female— {Fhie  LIX.  Fig.  6).  Front  wide  a  little  more  than  ^  width 
of  head.  Metallic  reflections  on  sides  of  ocellar  triangle  well  marked  ; 
ocelli  large  and  bright  amber  coloured.  Parafrontals  creamy ;  cheeks 
dark  with  yellow  hairs.  Abdomen  broader  than  in  male,  in  which  it  is 
characteristically  rounded  at  sides  ;  fringe  of  hairs  wanting,  thus 
affording  a  simple  means  of  separating  the  sexes,  as  the  front  of  the 
male  is  broad. 

Habits  of  Adults. 

This  species  was  first  seen  in  C'oonoor  in  March,  both  sexes  being 
attracted  to  rabbits'  bodies  in  an  advanced  stage  of  decomposition.  Since 
then  I  have  taken  number  of .  specimens  at  Kallar  (2,000  feet)  at  the 
foot  of  the  C'oonoor  Ghat.  I  have  not  seen  any  specimens  from  any  other 
locality,  and  it  does  not  frequent  bazaars.  I  have  much  pleasure  in 
naming  it  in  honour  of  Dr.  Villeneuve  who  examined  it  for  me  and 
confirmed  my  opinion  that  it  was  new  to  Science.  It  is  a  very  striking 
fly,  its  stout  metallic  femora,  well-developed  tarsi  and  rich  colour 
rendering  identification  easy. 

By  laying  out  numerous  baits  of  decomposing  bodies  of  rabbits,  1 
have  been  able  to  study  its  breeding  habits  very  thoroughly.  The  female 
fly  lays  its  eggs  in  small  batches  among  the  eggs  of  other  calliphorinae,  and 
the  second  stage,  and  particularly  the  third,  are  extremely  predaceous, 
only  feeding  on  the  larva;  of  other  blow  flies  and  those  of  Sarcopliaga. 

It  would  be  interesting  to  know  whether  it  is  found  in  other  parts  of 
India. 
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l^■  Part  IV  of  these  notes,  I  described  Chi'/jnoiitijia  albiceps  Wied. 
{niffKcies  Guerin),  and  a  new  species  C.  cilleneucii  Patton, 
the  third  stage  larva;  of  wliich  are  structurally  very  characteristic, 
being  armed  with  long  fleshy  processes,  and  are  extremely  predaceous, 
feeding  on  other  necro])hagous  and  coprophagous  larvse.  C.  alhiceps, 
it  will  be  remembered,  is  one  of  the  sheep-maggot  flies  of  Australia, 
only  having  accpiiied  the  habit  of  laying  its  eggs  in  soiled  wool  within 
recent  years.  There  is  no  lecoid.  liowevor.  as  to  wliftlicr  itsthird  stage 
larva  is  ])redaceous  in  .Uislralia.  bul  the  fad  tliat  where  it  exists 
other  sheep-maggot  flies,  notably  An(isloh,n-ln'iiii  lUKjur  an<l  Pollenia 
stijgia,  seem  to  be  greatly  reduced  in  numbers,  suggests  that  its  larva  may 
liave  the  same  habit  in  Australia  as  it  has  in  India  and  Mesopotamia. 
(     570     ) 
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III  the  present  jwper  I  propose  describing  one  of  the  handsomest 
Iiulian  blow  flies,  Lucilia  pidc/tru  Wied.,  and  another  new  species 
of  Lucilia  from  South  India. 

Lucilia  Pulchid  Wieti. 
Earli/  Stages. 

As  thisspeciesoidyoccursintlie plains,  lani indebted  to  Mr.  Ballard, 
F.E.S.,  Government  Entomologist,  Madras,  for  specimens  of  its  first  and 
third  stage  larvae,  many  adults  and  notes  on  its  breeding  habits.  This 
species  is  viviparous  and  deposits  its  first  stage  larvae  one  at  a  time, 
either  on  human  excrement,  or  decomposing  bodies  of  birds  and 
animals. 

The  mature  larva  (Plate  LX,  Fig.  1)  measures  \  in.  in  length,  and  is 
of  a  dirty  yellow  colour.  The  antennae  consist  of  two  large  prominent 
knob-like  processes.  The  prothora.x  has  a  narrow  belt  of  very  minute 
spines  at  its  anterior  end.  The  anterior  spiracles  project  from  the  sides 
towards  its  lower  end,  and  consist  of  six,  sometimes  seven,  processes. 
The  mesothorax  is  smooth,  and  is  not  armed  with  a  belt  of  spines.  The 
metathorax  has  a  well-developed  belt  on  its  dorsal  surface,  and  the  first 
abdominal  segment  is  similarly  armed,  but  the  girdle  is  less 
developed  in  the  remaining  abdominal  segments.  There  is  a  well- 
markeil  jwd  covered  with  minute  spines  at  the  anterior  ends  of  all  the 
abdominal  segments. 

The  end  of  the  eighth  abdominal  segment  (Plate  LX,  Fig.  2)  slopes 
gradually  from  before  backvvards.  The  anterior  margin  has  three 
small,  pointed,  fleshy  processes  on  each  side  of  the  middle  line,  and  the 
posterior  margin  one  on  each  side  of  the  middle  line  and  two  at  the 
sides.  The  ninth  segment  is  moderately  well  developed,  and  has 
a  fleshy  process  on  each  side  ;  it  is  covered  with  minute  yellow 
spines.  The  posterior  spiracular  openings  consist  of  two  somewhat 
pear-shaped  light  brown  plates  with  three  straight  slits  directed 
backward.s  and  inwards.  The  plates  are  nearer  each  other  than  those 
of  either  L.  nrgijricepliala  and  L.  rraggit. 

The  puparium  (Plate  LX,  Fig.  3)  is  light  brown  in  colour  and  has 
the  same  markings  and  processes  as  the  mature  larva. 

AdulU. 
Male. — Eyes    reddish   brown  and  closely  appro.ximated.     Frontal 
stripe    very    narrow  ;    vertex    dark    with    some    green    reflections ; 
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parafrontals  silvery  white.  Cheeks  brilliantly  white  with  dark  hairs. 
AntennaB  bright  orange  ;  arista  light  with  dark  hairs  ;  palpi  orange. 
Thorax  bronze  in  centre  and  greenish  blue  at  the  sides  with  white  dusting 
most  marked  anteriorly  and  at  the  sides.  Scutellum  dark  blue  with 
brassy  high  lights.  Abdomen  dark  green  with  a  bright  brassy  sheen. 
Legs  black  ;  wings  hyaline,  veins  dark  brown  ;  squamae  white  with 
light  hairs. 

Female. — (Plate  LX,  Fig.  4.)  Eyes  reddish  brown.  Front  wide, 
more  than  ^  width  of  head  ;  vertex  greyish  with  some  green  reflections. 
Parafrontals  and  cheeks  brilliantly  white  and  anteniiau  bright  orange  ; 
these  characteps  render  identfication  very  easy.  Thorax  light  sea  green, 
with  white  dusting  and  shimmering  white  sides.  Upper  half  of  abdomen 
dark  blue,  lower  half  green,  and  last  segment  with  white  dusting  ; 
otherwise  it  is  like  tlie  male. 


Habits  of  the  Adults. 
This  species  appears  to  be  essentially  a  flower  and  fruit  juice  feeder. 
The  females  are  commonly  found  at  Coimbatore  in  July  feeding  on  the 
fruit  of  the  Neem  tree.     Its  distribution  in  India  is  not  known. 

Lucilia  ballardii  Sp.  Nov. 

Early  Stages. 

Tiie  egg  of  this  species  is  exactly  similar  to  that  o '  L.  craggii  already 
described.  The  females  are  attracted  to  human  excrement  and  large 
numbers  of  them  were  caught  feeding  on  it,  at  Buriiar,  and  Kallar  at  the 
foot  of  the  Coonoor  Ghat.  The  eggs  are,  however,  never  laid  in 
excrement,  but  only  in  decomposing  animal  matter. 

The  mature  larva  (Plate  LX,  Fig.  5)  measures  about  ^"  in  length  and 
is  of  a  dirty  white  colour.  The  antennae  consist  of  two  prominent,  fleshy 
processes.  The  prothorax  is  smooth,  the  anterior  sjjiracles  project 
from  the  sides  and  end  in  six  processes.  The  meso,  metathorax  and 
first  seven  abdominal  segments  are  provided  with  a  narrow  belt  of 
small  spines  at  their  anterior  borders  ;  and  is  the  usuil  fleshy  pad  on 
the  ventral  surfaces  of  the  segments.  The  eighth  abdominal  segment 
(Plate  LX,  Fig.  7)  slopes  gently  from  above  downwards  ;  the  anterior 
border  has  three  minute,  pointed,  fleshy  processes,  the  lower  border  one 
on  each  side  of  the  middle  li.ue,  and  two  at  each  side.     The  posterior 
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spiracles  arc  small  and  woll  separated,  a  little  luoro  so  than  those  of 
Lucilia  cmi]i]ii.  the  chitinous  rim  coniplet  ly  surrounding  the  throe  slits. 
The  ninth  sefjment  is  n<it^  very  [)riiniineiU.  and  has  two  short  spines 
at  the  sides. 

The  pup.iriuni.  like  that  of  the  other  species  described  in  these 
notes,  is  of  a  dark  brown  colour,  and  shows  the  same  markings  and 
processes  as  the  mature  larva. 

Adults. 

Male. — Eyes  reddish  brown  and  somewhat  closoly  appro.ximatcd, 
facets  of  equal  size.  Front  silvery  white,  and  frontal  stripe  black  ; 
para frontals  and  cheeks  silvery,  the  latter  covered  with  black  hairs. 
Antenna?  niou.se  grey,  and  arista  dark  brown  ;  palpi  ihirk  orange.  Thora.x 
bright  green  with  bronze  and  blue  reflections,  white  dusting  anteriorly 
and  two  faint,  dark,  admedian  bands  ;  scutelluin  dark  green.  Abdomen 
bright  green  with  brassy  reflections,  and  narrow,  dark,  horizontal  bands. 
Legs  black.     Wings  hyaline  ;  squamie  dirty  white. 

Fenuile. — (Plate  LX,  Fig.  8.)  Front  about  \  width  of  head  ;  vertex 
with  green  reflections  ;  frontal  stripe  and  cheeks  white,  the  latter  with 
black  hairs.  Antennae  dark  grey  ;  palpi  orange.  Thoi-a.x  bright  green 
with  bronze  reflections,  white  dusting  anteriorly  and  two  narrow 
indistinct  admedian  longitudinal  bands.  Abdomen  green  with  brassy 
reflections,  some  with  white  dusting  and  well-marked,  narrow,  dark, 
horizontal  bands  ;  first  apparent  segment  black,  otherwise  like  the 
male. 

It  will  be  noted  from  this  description  that  this  species  of  Liuilia. 
unlike  most  others,  has  characteristic  <lark  bands  on  the  abdoniinai 
segments  and  also  faint  thoracic  stripes. 

HabiU  oj  Adulla. 

This  species,  which  I  have  much  pleasure  in  naming  aftei 
.Mr.  Ballard,  is  widely  distributed  in  South  India,  an<l  is  very  commonly 
seen  feeding  on  human  e.vcrement.  The  eggs,  however,  ap|)ear  to  be 
laid  only  on  decomposing  animal  matter. 

Before  concluding  the.se  descriptive  notes,  I  would  like  to  takethi.- 
opportunity  of  thanking  .Mr.  BilUnl,  F.K..S.,  Government  Entomologist. 
Madras,  for  the  trouble  he  has  taken  in  breeding  some  of  the  specie: 
described  at  Coimbatore.  Also  Dr.  Villeneuve  for  identifying  the 
myiaHis-produciiig  species.    I  wish  also  to  thank  Mr.  Senior- White, F.E.8.. 
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for  the  trouble  lie  has  taken  in  lookirig  up  for  me  the  descrijitions  of 
some  of  the  older  species.  I  would  also  like  to  point  out  that  it  is  more 
than  likely  that  some  of  the  new  species  may  prove  to  have  been 
describeo  long  ago  either  by  Bigot,  Wiedemann  or  Walker,  but  as  it 
is  quite  impossible  at  present  to  locate  their  species,  I  have  considered 
it  best  to  give  names  to  those  which  cannot  otherwise  be  named.  The 
species  described  in  these  notes  by  no  means  represent  all  the  Indian 
Calliphorinse,  nor  even  those  which  I  have  in  my  collection  ;  at 
present  it  would  be  useless  attempting  to  describe  any  more.  The 
types  of  my  new  species  are  in  my  collection. 


ENTO.MULOUICAL  NOTES  ON    FIELD  bEKVlCE 
IN   WAZIKISTAN. 


.Ma  J  OK  J.  A.  SI  NT  OX.  m.d.    i.m.s., 
I'lixli'iir  I iisliliil",  K(iis(tuU. 

[Ki-Cfiviil  for  publication.  Ainil  i4,  lOi'l.l 

While  on  field  service  in  the  Waziristan  ca7ii})aignB  of  1917  and 
iyi9-1920.  I  had  the  opportunity  of  collecting  a  nuniher  of  '  .siindfiies  ' 
and  mosquitoes  from  this  area  of  the  North-West  Frontier  Province. 

As  this  i)art  of  India  is  notorious  for  the  amount  of  malaria 
which  occurs  there,  and  as  Pajiijataci  Fever  and  '  Oriental  Sore  are 
also  prevalent  diseases,  the  following  notes  on  the  occurrence  of  some 
si)ecie8  of  phlebotomi  and  anophelines  may  be  of  use  to  other  workers 
in  those  regions. 

Phueboto-mi. 

During  the  summer  and  autunm  of  1919  and  the  spring  of  1920 
I  collected  736  specimens  of  this  genus  from  the  Waziristan  area. 

(1)  Species  of  Phlebolomus. 

The  specimena  included  P.  papatasii,  P.  minulus,  P.  ntinulus 
var.  anlennatus  and  P.  sergenti. 

The  number  of  specimens  of  each  species  is  shown  in  the  following 
table  :— 


.S|  ecies. 

f.  pupalueii. 

/'.  mii'Hlui,. 

r.  miiiuUt  Vttr. 
antenniitus. 

6      9 
t>         1 

loUl. 

Sex 
Nuinlx-r 

6     ? 

102     ISO 

6      i 

■2r>.;    U!i 
404 

6         9 

lU              IS 

6       9 

ToTil.      . . 

288 
39-13 

37 

7 

730 

TuTAL  PER 
CEST 

64-90 

S-02 

OM 

100 
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From  an  examination  of  the  specimens  of  P.  antennatus,  Newstead, 
and  a  comparison  of  them  with  P.  minutus  it  was  decided  that 
difference  in  length  of  the  aatounal  segments  by  which  these  two 
insects  were  difierentiated  could  not  be  maintained  as  of  specfic 
importance,  therefore  in  this  paper  P.  antennatus  has  been  described  as 
P.  minutus  var.  antennatus  (Newstead  and  Sinton  1921). 


A.     Derajat  Area. 
(2)  Localities. 

(a)  Deea  Ismail  Khan.  In  August,  1919,  83  specimens  of  this  fly 
were  caught  in  the  bedroom  of  a  bungalow,  of  these  6  were  P.  papatasii 
(3J  J,3.9)  and  77  were  P.  minutus  (33  j  ,-^,34^?). 

In  the  autumn  of  1919,  out  of  174  specimens  caught  in  a  bedroom 
of  another  bungalow,  8  were  specimens  of  P.  papatasii  (2  J  J,  6^^),  152 
were  P.  minutus  (118(^  J ,  34^^)  and  14  were  P.  minutus  var.  antennatus 

During  March,  1920,  out  of  106  specimens  caught  mostly  in  a 
cowshed,  92  were  P.  papatasii  {^0^^,  52^$),  10  were  P.  minutus 
^^66i  '^'ii)  ^^^  3  were  P.  minutus  var.  antennatus  (2cJJ,l$) 
and  1  was  P.  sergenti  {^).  Of  4  other  specimens  caught  in  a  tent 
during  the  same  month  1  was  P.  papatasii  (J)  and  4  were  P.  minutus 

During  the  first  half  of  April,  1920,  135  specimens  were  caught 
in  the  cowshed  mentioned  above,  of  these  109  were  P.  papatasii  (35^;;^, 
74^9),  23  were  P.  minutus  (15  J  J,  8^;^)  and  3  were  P.  minulus  var. 
antennatus  ( 1 J    3  ^  ^ ) . 

Thirteen  specimens  were  collected  in  the  same  shed  between  the 
middle  of  April  and  the  middle  of  May,  and  were  identified  as  P.  papatasii 
(3Jc^,  10^9)- 

During  this  last  jjeriod  23  specimens  were  caught  in  the  bedroom 
of  a  bungalow,  of  these  13  were  P.  papatasii  (6j^ J,  7^ 9),  8  were 
P.   minutus    (O^J,    2^^),  and    2    were    P.    minutus  var.  antennatus 

(2(5  J) 

During  the  same  period,   68  specimens  were  collected    from  tents 

and  of  these  specimens  15  were  P.  papatasii  {^^^,  H^?)'  ^^  ^'®^^  ■^•) 

ininutus   (36^  J,  13^^),  3were  P.  minutus  \a.v.    antennatus  (l^J,  295) 

and   1  was  P.  sergenti  (I ^). 
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These  speciineoa  may  be  t-abulated  as  follows  : — 


I'eriod. 

P.  papaUuii. 

P.  miniUua. 

P.  minutua 
var.  anttnnatua. 

P.  lergenli. 

6        ? 

i 

? 

6       9 

3      9 

August,  191  & 

3               3 

33 

34 

Autumn.  1919 

2                6 

lis 

34 

11              3 

Spring,  1920 

Sit            154 

01 

33 

<l             .'> 

2 

Total 

257 

313 

25 

2 

{b)  Tank.— From  the  end  of  August  to  the  middle  of  8eptembe 
1919,  out  of  18  siiecinieus  caught  in  the  Othcer's  Rest  Camp,  0  were 
P.  papaiasii   (1    ^,5    2  i),  9  were  P.    miniUus   (3    ^/J,    6    jj)    and 
3    were  P.  tninutus  var.  antennalvs   (3$^).     Two  apeciniens  collected 
in  the  same  tents  on  6th    April,  1920,  were  P.  papatasii  (2  J  J). 

(c)  Hathala. — On  29th  August,  1919,  two  specimens  of  P 
papalasii  (\  /,  1  i),  and  3  oj  P.  minulus  (3  Jj)  were  caught  hero. 
One  specimen  of  P.  jxipatasii  (1  9)  was  caught  on  6th  Ajuil  1920. 

{d)  In  a  stable  by  the  roadside,  about  6  miles  from  Dcra  Ismail 
Khan  on  the  road  to  Tank.  4  specimens  of  P.  sergenti  (3  J-^,  1  J) 
were  found  on  6th  April,  1920. 

(e)  Jatta  Post. — At  this  post  a  specimen  of  P.  jyapatasii 
(1  J)  was  obtained  from  the  barracks  on  7th  April,  1920. 

{j)  Mdrtaza  Post. — On  1st  August,  1919,  6  specimens  were 
caught  of  which  5  proved  to  be  P.  papat(mi  (1  J,  4  05)  and  one 
P.  sergeuli  (1  (J).  On  7th  April.  1920,  7  specimens  caught  were  all 
P.  jnjHUasii  (1  J,  6   ^5). 

{g)  Khirgi  Camp.— Two  specimens  of  P.  viiiniliin  (2  5J)  were 
found  here  on  30th  August,  1919. 

(A)  Saood. — 'One  specimen  of  P.  jxip/Uasii  (1  J)  was  collected 
on  14th  March,  1920. 

B.     Bannu  Area. 
(a)  Bannu  Cantonment.— About    the    middle    of    August,    1919 
88  specimens  of  '  sandflies  '  were  caught  in  the  bi'droom  of  a  bimgalow. 
On  examination  these  were  found  to  be  5  specimens  of  P.   itnjmtaaii 
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(i  SS'  1;),  74    apecimens    of  P.  minutus    (37    J(^,    37    J  J)    and  9 
apecimens  of  P.  miniilus  var.  antennatus  (2  (( (^,  7  2i)- 

(h)  luAK  Fort. — -Two  specimens  of  P.  minutus  (-J  J)  and 
1  specimen   of  P.  papatasii  (1    j)  were  caught  in  August,  1919. 

(3)  Seasonal   Prevalence. 

In  the  Waziristan  area  in  the  places  situated  on  the  plains  "  .sand- 
flies '  began  to  appear  about  the  middle  of  JIarch  and  were  present  in 
fairly  great  numbers  until  the  middle  of  October. 

From  the  above  records  P.  papatasii  seems  more  prevalent  in  the 
early  part  of  the  year  and  P.  minutus  in  the  autumn,  but  further 
observations  are  necessary  to  confirm  this. 

In  the  autumn  of  1919.  both  P.  papatasii  and  P.  minutus  were  seen 
as  late  as  14th  November  in  the  bedroom  of  a  bungalow  in  Dera  Ismail 
Khan,  while  in  Bannu  a  specimen  of  P.  papatasii  was  seen  on  29th 
October. 

In  the  spring  of  1920,  in  Dera  Ismail  Khan,  in  the  cowshed  referred 
to  above  no  '  sandflies  '  could  be  found  on  4th  March,  but  on  8th,  5 
ipecimena  of  P.  papatasii  were  captured,  on  the  next  day  they  were 
more  numerous,  and  a  week  later  they  were  very  numerous.  From  this 
time  onwards  luuidreds  of  '  sandflies  could  be  seen  on  the  walls  in  the 
dark  corners  of  the  shed. 

At  Bannu,  the  earliest  record  was  on  25th  March,  but  they  were 
probablv  present  before  that  date,  as  some  cases  of  Pappataci  Fever  had 
occurred  before  that  day. 

Within  a  few  days  of  the  first  recorded  ajjpearance  of  the 
phlebotomi  at  Dera  Ismail  Khau  cases  of  Pappataci  Fever  began  to 
occur. 

(4)  Local  Distribution. 

From  the  above  records  it  will  be  seen  that  certain  species  of 
Phlebotomus  were  common  in  sonie  situations,  while  others  were  rare. 
In  the  cowshed  at  Dera  Ismail  Khan  the  majority  of  specimens 
caught  were  P.  papatasii,  while  the  specimens  caught  in  the 
bungalows  in  Dera  Ismail  Khan  and  Bannu  were  mostly  P.  minutus. 
this  was  also  the  case  in  the  tents  in  Dera  lamail  Khan.  The 
four  specimens  caught  in  the  stable  on  the  Tank  Road  were  all 
P.  sergenti  and  only  3  other  specimens  of  this  species  were  caught  iu 
the  are^. 
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It  is  therefore  uecessary  to  examine  iimny  ditTereiit  biiildiiigji  and 
siuiatiotis  in  the  same  IcKality  to  gel  an  acfuraie  idea  of  the  different 
species  present. 

(.">)  (leographical   Distribution   oj   P/ilebotomus   seryeiUi  and  the 
Oriental  Jorm  oJ  oilaneoiis  Leishmaniasis. 

For  some  time  flies  of  the  genus  Phlehotomus  have  been  siis])ecte«l 
to  be  tlie  carriers  of  "  Oriental  Sure,"  l)ut  no  definite  evidence  has  yet 
been  found  to  prove  the  connection. 

The  distribution  of  tliis  genus  is  very  widespread,  while  that  of 
'  Oriental  Sore  '  is  more  or  le.ss  localisetl  to  definite  localities.  It  is 
therefore  possible  that  one  species  only  of  this  Hy  may  be  responsible 
for  the  carriage  of  the  disease. 

The  commoner  'sandflies,'  such  as  P.  papatasii,  P.  miniitus,  etc.. 
occur  in  many  places  where  '  Oriental  Sore  '  is  not  found,  which  are 
points  against  these  sjiecies  being  the  carriers  of  the  disease.  Of  course, 
such  e\'idence  does  not  negative  these  sj^ecies  as  carriers,  because  local 
endemicity  might  depend  on  various  local  condition.s.  such  as  tempera- 
ture, humidity,  presence  of  human  sources  of  infection,  etc. 

On  the  hypothesis  that  the  carriage  maybe  due  to  one  species  of 
Phlebotomus,  it  is  iiitere.sting  to  note  the  recorded  geographical 
distribution  of   P.  sergenti. 

This  fly  has  been  recorded  from  Algeria.  Newstead  (1920)  records 
it  from  Mesopotamia  and  states  that  P.  ffli/cfl«icMs,  Marzinowsky,  1917, 
found  in  the  Caucasus  at  Tiflis  is  this  species. 

The  specimens  here  recorded  are  the  first  which  have  been  desi  ribrd 
from  India,  and  Professor  Newstead  identified  a  number  of  sjwcimens  of 
Phlebotomus  which  I  sent  him  from  Meshed  in  North-East  Persia  us 
all  being  this  species. 

As  Algeria,  Mesopotamia, -the  Caucasus,  Persia  and  the  North - 
West  Frontier  of  India  are  all  places  where  '  Oriental  Sore  '  is 
prevalent,  it  is  a  curious  coincidence  that  so  far  P.  sergenti  has  only 
been  recorded  in  these  places. 

On  the  supposition  that  P.  sergenti  may  be  a  possible  carrier  of 
'  Oriental  Sore,  '  it  will  be  interesting  to  see  if  this  8i)ecies  can  be  found 
in  other  localities  where  this  disease  is  prevalent.* 

•  Since  writing  thu  above  I  have  liB:!  ihc  oppiirtunity,  ihrnugh  the  kindncM  nf 
Major  F.  W.  CraKji,  i.m.8.,  of  i  xamininit  "oinc  l'hlfl)ritomi>i)  collcclcil  liy  [)T  .1.  I.. 
Miller  St  I..abore,  Pnnja)),  India,  in  I9IR,  and  am  mn  tlie«e  I  have  found  two  xpeiiniFiii 
of  P.  trgtnti  I  J\-     Thia  is  of    interent,  an  'Orifnlal  Snrc'  ncciim  in  Ijihore. 
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I  am  deeply  indebted  to  Professor  Newstead,  f.r.s.,  for  allowing 
me  to  work  in  hia  laboratory  at  the  Liverpool  School  of  Tropical 
Medicine,  and  also  for  the  identification  of  a  large  number  of 
specimens.  My  thanks  are  also  due- to  Miss  A.  M.  Evans,  m.sc,  for 
much  assistance  while  working  at   Liverpool. 

Anophellni. 
(1)  Varieties  of  Anophelini  found. 
In  the  Derajat  area  specimens  of  A.  piilcherrimus,  A.  cuUcijaciest 
A..stephensi,  A.  rossi,  A.  juliginosus,  A.  junestusvai.  listoni,  A.  turkhudi, 
A.  rhodesiensis  and  A.  nursei  were  found. 

In  the  Bannu  area  specimens  of  A.  pulcherrimus,  A.  rossi, 
A.  culioifacies,  A.  Junestus  var.  listoni,  A.  macuUpalpis,  A.  stepkensi, 
A.  rhodesiensis  and  A.  turkhudi  were  collected. 

A.    Derajat  Area. 

(2)     Localities. 

(a)  Dera  Ismail  Khan  Cantonment. — In  1919,  a  specimen  of 
A.  culicijacies  was  caught  on  22nd  March,  and  anopheline  larvse  were 
first  found  on  5th  April. 

From  22nd  March  until  4th  May  the  number  of  anophelines  caught 
and  identified  was  257,  of  which  the  numbers  and  species  are  given  in  the 
following  table  : — • 

A.  culicijacies      ..  ..  ..  ..   230 

A.  stephensi         ..  ,.  ..  ..15 

A.fnliginosus       ..  ..  ..  ..4 

A.  piilcherrimus  ..  ..  ..8 


I  am  indebted  to  Major  Flowerdew,  i.m.s.,  for  supplying  me  with 
the  above  information. 

During  the  sunmier  and  autumn  of  1919,  I  collected  a  ni  mber  of 
anophelines,  but  unfortunately  these  were  destroyed  by  ants,  so  I  have 
no  information  as  to  the  relative  frequency  of  the  various  species. 
Specimens  of  A.  pulcherrimus,  A.  stephensi,  A.  culioifacies,  A.  turkhudi, 
and  A.  juliginosus  were  caught,  and  of  these  the  first  mentioned  was  the 
most  numerous. 

Anopheline  larvaswere  seen  in  a  pool  in  the  bed  of  the  Indrs  River 
on  26th  December,  1919,  and  numerous  culicine  larvse  were  found  in  a 
water-channel  about  the  same  time. 
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From  this  time  onwards  until  "ind  April,  culicine  larviu  began  to 
be  more  numerous  although  no  anopheline  larvte  could  be  found,  but 
from  aome  nymphs  collected  on  20th  March,  a  specimen  of  .1.  stephensi 
and  one  of  .-1.  jmlcherrimus  hatched  out. 

On  tih  >hirch.  2  specimens  of  -1.  culicijacies  were  caught  in  a 
cowshed,  and  the  firsc  specimen  of  A.  puhherrimus  was  caught  on  9th 
March. 

During  .March,  2.5  anophelines  were  collected,  of  wiiicii  18  were 
A.  culicijtieies.  6  were  .1.  pttlcherritnus  &nd  1  was  A.  turkhudi. 

Out  of  112  specimens  of  anophelines  caught  from  Ist  to  22nd  April, 
1920.  Ti  were  .-1.  stephensi,  93  were  A.  culicijacies,  9  were  A.  pulcherrimiis, 
3  were  A.  (urkhudi  and  2  were  A.fulifjinostis. 

During  .\prii,  anopheline  larvae  were  found  in  many  situations  and 
adults  hatched  out  from  these  larvfE  were  A.  ciilicifacies,  A.  pulcherrimiis, 
A.  slephensi  and  A.  turkhudi,  of  which  the  former  were  the  more 
numerois. 

(O)  Tank. — -In  the  summer  and  autumn  of  1919,  numerous 
anophelines  were  present  in  the  tents  in  the  Officer's  Rest  Camp.  The 
most  numerous  species  was  A.  piilcherrimus.  but  specimens  of  A. 
sletthi'nsi.  A.  rulirijnnes  and  .-1.  rosst  were  also  present. 

On  7th  March,  1920,  2  specimens  of  A.  slephensi  were  caught 
in  the  same  tents,  and  at  the  beginjiing  of  April,  7  other  specimens  of  its 
species  were  collected. 

On  .'jth  April,  numerous  anopheline  larvae  were  found  near  the  ice 
factory  and  in  pools  2i  miles  along  the  Dera  Ismail  Khan  Road.  These 
larvno  hatched  out  into  adult  A.  stephensi. 

{c)  MuRTAZA.— During  August,  1919,  specimens  of  A.  pulcherrimus, 
A.  stephensi,  A.  culicijacies,  A.  rossi  and  A.  rhodesiensis  were  caught 
in  the  barracks  in  this  post. 

^n  0th  April,  1920,  9  specimens  ot  .1.  culicijacies,  and  1 
each  of  A.  pulrherrimus,  A.  slephensi.  and  A.  nursei  were  collected 
there. 

(rf)  JATTA.--.\t  the  beginning  of  August,  1919,  anophelines  were 
very  numerous  in  the  Itarracks  and  specimens  of  A.  pulcherrimus,  A- 
stephensi,  A.  culicijacies,  A.  Juneslus  var.  lisloni,  A.  rossi  and  A. 
rhodesiensis  were  caught. 

.\  specimen  of  A.  rhodesiensis  caught  here  on  2nd  September  laid 
eggs  on  Ith,  which  hatched  into  larvoi  on  the  night  5th-6th,  became 
pupae  on  14th  and  developed  into  adults  on  IGth. 

J,  MR  I'J 
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On  Cth  April,  1920,  3  specimens  of  A.  culicijacies  and  a  specimen 
of  each  of  A.  pulclierrimus  and  .1.  stephensi  were  collected. 

(e)  Kaur^  Bridge. — During  the  hot  weather  of  1919,  a  few 
specimens  of  A.  jjulcherrimus  and  A.  stephensi  were  caught. 

(j)  Manzai. — In  the  autunm  of  1919,  a  few  specimens  of  A. 
pulcherrimus  were  collected,  and  on  16th  January  1920,  a  specimen  of 
A.  turkhudi  was  caught. 

(g)  Khirgi. — During  the  hot  weather  of  1919  A.  pulcherrimus  was 
fairly  numerous  in  this  camp. 

{h)  Hathala. — In  the  autumn  of  1919  specimens  of  A .  pulcherrimus 
and  A.  rossi  were  caught  there. 

(/)  Potah. — One  specimen  of  A.  culicijacies  was  collected  there 
at  the  begmning  of  April,  1920. 

(j)  KuLACHi. — One  specimen  of  A.  culicijacies  we^a  caught  at  this 
place  during  the  hot  weather  of  1919. 

(jt)  Draband. — -Two  specimens  of  A.  stephensi  and  I  oi  A. 
culicijacies  were  caught  there  in  March,  1920. 

{I)  Saggu. — Numerous  specimens  of  A.  rossi  and  A.  culicijaciet 
were  found  in  a  stable  at  this  place  on  28th  September,  1919. 

(m)  Yarik. — On  the  same  date  a  few  sj)eciinens  of  A .  rossi  and 
A.  Juliginosus  were  caught. 


B.     Bannu  Area. 

(a)  Bannu  Cantonment. — In  1917,  the  first  anophelines  were  seen 
in  Bannu  on  7th  April,  when  1  specimen  of  A.  stephensi  and  4  of 
A.  maculipalfis  were  caught. 

From  some  nymphs  found  on  11th  April,  a  large  number  of 
Theobaldia  spathipalpis  and  1  A.  macidipalpis  hatched  out. 

During  the  month  of  April  173  anophelines  were  caught  and 
identified  as  shown  in  the  table  below  : — ■ 


Sex  of 
mosquito. 

-4.  stephensi. 

A-fnnestvs 
var.  liaioni. 

A.  maculi- 
palpis. 

A.  turkhudi. 

A.  pulcher- 
rimus. 

Total. 

Total 

per  cent. 

2      .. 

11 
16 

22 
27 

25 
60 

2 
8 

1 
1 

61 
112 

35 
65 

Total   . 

27 

49 

85           i            10 

2 

173 

100 

Total 

PER    CENT 

15-6 

28-3 

49-2                     5-8 

11 
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It  was  found  that  a  number  of  tlie  mosquitoes  were  infested  with 
mites  which  were  clinging  to  tlie  legs,  thorax,  or  abdomen.  The  number 
on  a  mosquito  vaiied  from  1  to  5.  The  incidence  on  the  various  spcit  h 
of  anopholine  was  as  follows  :    - 


S.-x  .>f  in. .s  lint'. 

.l..,^y.'»,M,. 

0 

2 

.1.  JuncMus 
vnr. 
litloni. 

2 
0 

-I-  >n„n.l,,..,l,.,,. 

Tctal. 

5 

8 
13 

Total 

2 

8 

11 

21 

On  1st  May.  a  number  of  larvae  of  A.  slepheiisi  were  found  in 
conjunction  with  the  larvae  of  T.  s path ipal pis  and  from  this  time  onwards 
anopheline  larvae  were  very  common,  especially  in  the  Kurrani  swamp. 

The  anophelines  caught  during  May  were  as  follows  : — 


tiei  of 
mosquito. 

A.  ilephensi. 

A .  Ju  nestu  1 
▼ar.  litloni. 

••1.  maculi- 
palpis. 

A.  tiirlhudi 

1 
4 

Total. 

Total 
per  cent. 

9   .. 
6  .. 

11 
31 

12 
31 

II 

■AK 

35 
10. 

25 
75 

Total 

42 

45            1           40 

5 

141 

Total 

PER  CENT 

34-7 

1 
31-9                 29-9 

3-5 

The  species  infested  with 

mites  were 

:— 

Sox  of  ino9(|uito. 

A.  tlephtnti. 

.1. /„„..,„. 

var. 
liftoni. 

,4.  nutciili palpis. 

TotaL 

6     .. 
9      .. 

3 

1 

0 
3 

0 

1 

3 

G 

Total  .. 

4                      3 

1 

8 

Of  the  anophelinea  examined  during  this  month  5*6%  •bowed  an 
infestation  with  mitea. 
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[h]  iDAK  Fort.— Height  about  2,140  feet.  In  the  autumn  of  1919, 
specimens  of  A.  stephensi,  A.  ctilici femes,  and  A.  Junestus  var.  listoni 
were  found  in  scanty  numbers. 

(c)  Khajuri  Post. — Height  about  2,080  feet.  Very  numerous 
anophelines  could  be  caught  in  this  post  during  the  autumn  of  1919  and 
many  anopheline  larvee  were  found  in  the  numerous  springs  in  the 
vicinity.  Specimens  of  A.  rossi,  A.  rhodesiensis,  A.  stephensi,  and  A. 
pulcherrimus  were  identified  there. 

(d)  Saidgi  Post. —  Height  about  1,775  feet.  During  the  hot  weather 
of  1919,  specimens  of  A.  stephensi,  A.  culicijacies,  A.  rossi  and  A. 
rhodesiensis  could  be  found  in  large  numbers. 

(e)  Shinki  Post. — In  September,  1919,  one  specimen  of  A.  stephensi 
and  one  specimen  of  A.  funestus  var.  listoni  were  caught  at  this 
post.  The  occurrence  is  of  interest  as  the  post  is  sit  gated  on 
the  top  of  a  barren,  stony  hill  almost  devoid  of  vegetation  about 
700  feet  above  the  river,  which  is  the  nearest  water.  There  was 
no  chance  of  these  mosquitoes  having  bred  locally  as  the  post 
had  been  burnt  down  some  months  previously,  so  local  water- 
receptacles  could  be  excluded  as  breeding  places.  The  only  solution 
of  their  presence  seems  to  be  that  they  were  carried  there  by  the 
wind. 

(/)  MiRANSHAH  Fort.— Height  about  3,050  feet.  In  June,  1917 
specimens  of  A.  stephensi,  A.  turkhudi  and  A.  junestus  var.  listoni  were 
caught. 

(g)  At  Dardoui  Cantonment  in  the  autumn  of  1919,  one  specimen 
of  A.  stephensi  was  caught. 

{h)  At  Gambila  between  Bannu  and  Dera  Ismail  Khan  a  specimen 
of  A.  rofji  was  found  in  a  tent  on  29th  December,  1919. 

Summary. 

From  the  above  it  will  be  seen  that  P.  papatasii,  P.  minutus,  P. 
minutus  var.  antennatus  and  P.  sergenti  occur  in  the  Waziristan  area  of 
the  North-West  Frontier  Province. 

The  anophelines  recorded  are  A.  turkhudi,  A.  culicijacies,  A.  junestus 
var.  listoni,  A.  rhodesiensis,  A.  juliginosus,  A.  rossi,  A.  macuUpalpis, 
A  stephensi,  A.  pulcherrimus  and  A.  nursei.  From  this  list  it  will  be 
seen  that  the  anopheline  fauna  of  this  area  is  practically  the  same  as 
that  described  by  me  (Sinton,  1917)  from  the  Kohat  District  which  lies 
just  north  of  the  Bannu  District.     The  only  species  not  recorded  being 
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.1.  irillmori.  hut  a  more  careful  search  will  probably  tiiul  this  sitecies  in 
the  Wazirislau  area. 


(1)  Newstead.  R. 

(2)  SwTo.v,  J.  A. 


(3)  Newstead, 
SwTox,  J.   A. 
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REPORT  ON   ELECTROLYTIC 
CHLOROGEN  (E.C.). 

BY 

W.  HODGKINSON 

AND 

C.  M.  HUTCHINSON. 

fReceived  for   publication,  July  13,   H20.] 

In  consequence  of  the  outbreak  of  a  very  serious  epidemic  of  cholera 
in  the  district  surrounding  Pusainthehot  weather  of  1918,  an  attempt 
was  made  to  carry  out  sterilization  of  wells  both  in  the  estate  and  in 
surrounding  villages.  The  difficulty  of  obtaining  adequate  supplies  of 
reliable  antiseptic  led  one  of  us  to  enquire  into  the  possibility  of  producing 
hypochlorite  solutions  in  the  laboratory  to  ase  for  this  purpose.  After  a 
certain  amount  of  work  had  been  done  it  was  suggested  that  this  line  of 
enquiry,  if  hucces-sful,  might  be  of  value  to  the  Army  Department  in 
India,  and  subsequent  resell rch  was  carried  out  with  this  object  and  with 
the  sanction  and  encouragement  of  Army  Headquarters  in  Simla.  The 
work  was  greatly  helped  by  the  assistance  of  Captain  W.  Hodgkinson, 
R.E.,  put  on  deputation  for  the  purpose,  whose  special  knowledge  as  an 
Electrical  Engineer  and  experience  in  Mesopotamia  proved  invaluable 
throughout  the  enquiry.  Before  Captain  Hodgkinson  joined  this 
laboratory  much  trouble  was  experienced  owing  to  the  absence  of  proper 
apjjaratus  for  standardizing  the  electrical  conditions  under  experiment, 
but  this  officer  obtained  and  fitted  sets  of  controlling  and 
measurmii  instruments,  enabling  all  experiments  to  be  carried  out  under 
completely  controlled  conditions. 

Objects  oj  the  enquiry. — -The  principal  objects  of  the  enquiry  were  to 
determine  the  possibility  of  preparing  in  India,  by  the  use  of  simple 
(     .C8G     ) 
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apfviratua,  solutions  of  hypochlorites  of  sufficient  stability  to  allow  of 
their  use  for  sterilizing  drinking  water  under  field  conditioas  or  otherwise. 
Simplicity  of  apjwratus  was  aimed  at,  because  it  was  intended  that  the 
methtxl  should  be  suitable  for  luse  by  any  medical  officer  without  any 
special  knowledge  either  of  electrical  jiracticeor  chemical  theory  and  in 
any  situation  where  electric  current  might  be  available.  Stability  was 
insisted  on  by  the  Stores  Department  of  the  Indian  Medical  Service,  as 
from  their  point  of  view  this  was  naturally  of  great  importance.  It  may 
be  said  at  once  that  this  feature  of  the  case  was  kept  in  view  as  of  primary 
importance  throughout  the  enquiry,  although  taking  into  consideration 
the  facts  that  the  antiseptic  action  of  hypochlorites  depends  uj)on  the 
readiness  with  which  they  give  up  their  available  chlorine,  and  their 
well-known  instability  in  solution,  it  was  early  recognized  that  such 
stability  as  might  be  obtained  could  only  be  of  a  comparative  order. 
Keeping  this  in  mind  it  was  our  aim  to  ascertain  to  what  extent  hypochlo- 
rite solutions  could  be  stabilized  either  during  or  after  preparation,  and  to 
demise  apjiaratus  for  producing  them — of  such  simplicity  as  to  allow  of  its 
use  wherever  electric  current  was  available,  the  apparatus  it«elf  being  so 
arranged  &n  to  produce  a  standard  strength  of  solution  under  fixed 
conditions  from  simple  materials  obtainable  in  any  bazaar  in  Ii;dia.  As 
compared  with  the  issue  from  store  of  completely  stable  solutions,  if 
such  could  be  obtained,  this  arrangement  would  possess  the  advantage 
of  requiring  less  transport  and  no  testing  of  strength  for  each  freshly 
prepare<l  lot.  as  Is  the  case  with  "  bleach."  The  actual  value  of  this 
method  would  then  depend  upon  the  relationship  between  the  stability 
of  the  solution  and  the  distance  between  the  points  of  production  and 
of  Use. 

Alternative  methodn  of  preparing  hypochlorite  solutions. — Hypo- 
chlorite solutioas  can  be  readily  prepared  either  by  direct  chemical 
methtnls  from  bleaching  powder  or  by  electrolysis  of  brine  or  of 
other  solutioas  of  chlorides.  The  electrolytic  method  was  first  adopted 
in  this  enquiry,  because  of  the  availability  at  I'u.sa  of  electric  current 
and  the  difficulty  of  obtaining  bleaching  powder  undi-r  war  conditioas  ; 
subsequent  invest igatitm  iefl  to  the  conclusion  not  only  that  the  relative 
availabilities  of  salt  and  bleaching  fK)wder  in  India  gave  the  electrolytic 
metho<l  a  very  great  aflvantage,  but  that  soluti<»as  thus  jirepared 
compared  favourably  in  other  ways  with  thfwe  made  either  directly  from 
"  bleach  "  as  in  orrlinary  I.  M.  8.  practice,  or  sophisticatefl  in  various 
ways  aiming  at  stabilization.     A  certain  amount  of  work  was  done  on 


588  Report  on  Electrolytic  Chlorogen  {E.C.). 

chemical  preparation  of  hypochlorite  solutions  u.siiij,'  chlorine  gas 
obtained  by  electrolysis  in  a  diaphragm  cell,  b\it  j)ractically  tlie  whole  of 
the  enquiry  was  limited  to  investigation  of  the  possibilities  and  optima 
of  the  electrolytic  method. 

The  electrolysis  of  brine  has  been  coiinnouly  used  for  many  years  in 
Europe  botli  as  a  source  of  chlorine  in  chemical  manufactures  and  of 
bleach  liquors  containing  hypochlorites.  Numerous  patents  have  been 
taken  out  for  various  forms  of  apparatus  for  these  purposes,  and  in  some 
cases  claims  have  been  made  for  stability  in  the  product,  but  in  these  the 
nature  of  the  stabilizmg  agent  has  generally  been  concealed,  and  this 
reticence  has  also  been  largely  in  evidence  even  where  the  addition  of 
chemical  reagents  has  had  for  its  main  object  the  attainment  of  higher 
concentrations  of  available  chlorine  than  are  possible  without  them. 
Several  forms  of  electrolytic  cells  are  now  on  the  market  intended  mainly 
for  the  production  of  hypochlorite  solutions  for  bleaching  purposes  or 
occasionally  for  antiseptic  use.  These,  however,  produce  solutions  of  low 
concentration  and  stability,  suitable  and  intended  only  for  immediate 
use.  As  will  be  shown  later  Lu  this  report  such  cells  are  unsuitable  for  the 
production  of  stable  solutions  of  higher  concentration,  mainly  on  accoimt 
of  the  absence  of  any  cooling  arrangement  in  their  design.  Such  cells 
normally  produce  solutions  of  about  0'5per  cent  concentration  of  avail- 
able chlorine,  whereas  for  storing,  transport,  and  use  in  water  sterilization, 
concentrations  of  some  four  or  five  times  this  amount  are  required  for 
convenience  in  handling. 

The  electrolysis  of  brine  results  in  the  production  of  sodium  hypo- 
chlorite in  quantities  which  vary  in  accordance  with  the  conditions  of 
the  experiment.  One  of  the  most  important  factors  is  temperature,  as, 
when  this  is  allowed  to  rise  about  37°  C,  chlorates  are  formed  at  the 
e-xpense  of  the  hypochlorites  and  consequently  with  reduction  of  the 
percentage  of  available  (i.e.,  useful  in  the  antiseptic  sense)  chlorine  in  the 
resultmg  solution.  Not  only  is  it  necessary  to  keep  the  temperature  well 
below  this  limit  for  this  reason,  but  we  find  that  there  is  a  decided  tendency 
towards  parallelism  between  low  temperature  during  electrolysis  in  the 
electrolyte  and  high  available  chlorine  content  in  the  resulting  solution. 
This  is  no  doubt  due  }3artly  to  avoidance  of  excessive  loss  of  chlorine  as 
gas  and  partly  to  absence  of  formation  of  chlorates  and  other  products. 
Owing  to  the  resistance  of  the  brme,  heating  occurs  in  the  neighbourhood 
of  the  electrodes  and  pro\Tsiou  has  to  be  made  to  keep  this  down  to  a 
mmimum  ;  the  absence  of  provision  for  cooling  in  the  various  commercial 
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forms  of  coll  now  on  tho  market  prevents  lii^h  concent  nit  ions  being 
obtiiinwl.  whereas  one  of  the  objects  of  this  enquiry  was  to  devise  a  form 
of  cell  in  which  cooling  could  readily  be  carried  out  cluring  electrolysis.  A 
brief  description  of  the  various  types  of  cell  experimentwl  with  is  given 
as  an  apjH>ndix  to  this  report  ;  it  may  be  point ctl  out  here  that  our 
efforts  were  strictly  liniite<l  by  the  apjjaratas  and  materials  available 
and  the  dilliculties  incidental  to  war  conditions 

Previous  exi)eriment3  by  Muspratt  and  Smith,  Foi-ster  and  Jorre, 
Lunge  and  Landolt,  Sunder,  Mulhouse,  and  others  have  demonstrated 
certain  limits  in  obtaining  concentratioas  of  available  chlorine  as  hypo- 
chlorite by  electrolysLs  of  brine.  One  of  the  limiting  factors  Ls  the  rapid 
lowering  of  current  efficiency  as  concentration  proceeds  ;  thus,  at  the 
commencement  of  electrolyels  as  much  as  90  per  cent  of  the  theoretical 
quantity  of  hyjHichlorite  corresponding  to  the  electrical  energy  used  is 
obtained.  This  rapidly  falls  f^fi,  however,  so  that  when  a  concentration 
of  about  the  onler  of  2"5  per  cent  available  chlorine  is  reached,  further 
electrolysis  only  yields  very  sng'it  increase  in  concentration  per  unit  of 
electric  current  consumed.     (Experiments  Nas.   VI  A. 

We  have  found  at  Pusa  not  only  that  "JS  per  cent  concentration  of 
available  chlorine  is  about  the  maximum  obtainable  with  anything  like 
economvof  current  consumption  (Ex|)enments  Nos.  II,  VI  A  and  XIII  A), 
but  also  that  .stability  rapidly  falls  off  in  higher  concentratioas  than  this. 
.\.•^  a  result  of  numerous  experiments  we  are  now  of  opinion  that  a  concen- 
tration of  about  25  per  cent  available  chlorine  is  the  optimum  to 
aim  at.  both  for  reasons  of  economy  in  production  and  stability  of  the 
product. 

Sltibilili/. — As  is  already  well  known,  hypodilorite. solutions  produced 
simply  by  electrolysis  of  brine  jjo.sscss  no  stability,  losing  practically  the 
whole  of  their  available  chlorine  in  a  comparatively  short  period  of  time  ; 
this  varies  inversely  as  the  temperature,  but  at  [)laias  hot  weather 
temjieratures  may  be  as  little  as  24  hours  (Experiment  XIV).  It  is 
therefore  np<-es.sary  to  discover  how  far  this  instability  may  be  overcoms 
by  alteration  of  the  electrolytic  conditioas.  Such  alteration  may  \k 
either  considered  from  the  chemical  or  from  the  electrical  [Kiint  of  view, 
the  latter  being  taken  to  include  the  physical  factor  of  low  temperature. 
Varioas  substances  have  been  tried  for  this  pur[)ose  by  previous  experi- 
menters ;  of  these  the  salts  of  magnesium,  generally  the  chloride,  appear 
to  have  been  niftst  frequently  utilized  on  a  commercial  scale.  In  the 
caae  of  such  additions,  the  general  aim  has  J>een  to  [>rodiJce  a  compound 
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hypochlorite  of  higher  stability  in  solution  than  the  simple  sodium 
hypochlorite. 

Both  the  well-known  Herniite  fluid  and  that  produced  and  distributed 
by  the  Poplar  (London)  municipal  authorities  for  disinfecting  purposes 
contain  magnesia,  and  this  salt  and  the  chloride  were  both  experimented 
with  at  Pusa  ;  it  was  found,  however,  that  although  the  addition  of 
magnesia  to  the  brine  gave  increased  stability  and  allowed  of  higher 
concentrations  of  available  chlorine  being  obtained  than  was  the  case  with 
brine  alone,  such  addition  did  not  ensure  stability  of  any  high  or  useful 
order  (Experiment  No.  I).  The  use  of  magnesia  ia  connection  with 
other  stabilizing  substances  tested  has  not  been  found  to  have  any 
marked  effect  or  either  concentration  or  stabihty  (Experiments  IX  E  and 
IX  F).  It  may  be  said  at  once  that  the  principal  conclusion  arrived  at  as 
a  result  of  our  experiments  was  that  the  high  temperatures  obtaining  in 
the  plains  of  India  make  it  necessary  to  revise  all  ideas  as  to  the  stability 
of  hyixjchlorite  solutions  prejmred,  used,  and  possibly  foimd  reUable  in 
other  cooler  countries.  It  may  be  pointed  out,  for  instance,  that  a 
certain  proprietory  article  made  in  England,  and  now  being  largely 
advertised  as  a  stable  antiseptic  solution,  on  examiaation  ia  this 
laboratory  was  found  to  contaia  available  chlorine  in  concentrations 
which  varied  in  two  samples  from  1  per  cent  in  one  case  to  0'3  per  cent 
in  the  latter,  and  this  during  the  cold  weather  (February  1920).  {CJ. 
Curve  B— Bulk  16.     Stability.) 

The  addition  of  calcium  chloride  has  been  prescribed  as  favour 
able  to  formation  of  hypochlorite  solutions  by  electrolysis  (Martin. 
Industrial  Chemistry,  Vol.  I,  p.  397)  and  by  chemical  methods.  We 
have  not  found  any  increase  of  stability  or  concentration  due  to  its 
use. 

The  addition  of  caustic  soda  or  potash  is  frequently  reconmiended  to 
increase  stability  ;  that  is  either  on  the  groimds  of  securing  alkalinity  and 
so  avoiding  accumulation  of  free  hypochlorus  acid,  or  of  promoting  the 
formation  of  soluble  carbonates  of  potash  or  soda  in  preference  to 
insoluble  and  consequently  precipitable  calcium  carbonate  as  a  result  of 
exposure  to  air.  In  the  latter  event,  it  is  assumed  that  a  continuous 
action  would  set  up  resulting  in  the  complete  loss  of  all  available  chlorine. 
It  appears  to  us  that  this  theory  involves  the  assunijition  that  such 
sodium  or  potassium  carbonate  as  might  be  formed  would  remain  as  a 
protective  surface  layer  in  virtue  of  its  solubility,  but  this  property 
would  also  naturally  lead  to  its  diffusion  ;  moreover,  it  is  not  contemplated 


STABILITY  OF  E.C.  (BULK  16)  AT 
DIFFERENT  TEMPERATURES 


Curve  B 


10        ao        30        's-o        90        «o        "■      *°         *°        '°°        "° 
'"  ■..,.,,  r  [  I  I  I  I' 


120  ISO  140  ISO  160         iro  180         190         200         210         220       230         24-0      22«0         260 


ao 


«b 

o.t 
o.e 

0.7 

o.e 
0.5 


■fOrOAYSl     3*S    8   10 II 14    17    ZQ     2»29         3234       39  45 


22'C    INCUBATOR  ,  • 

.  ROOM    TEMP.  EXPOSED    TO   LIGHT    33. 5C  TO  I8C 
37°C  INCUBATOR 


ir.  llodglinson  and  C.  M.  Hutchinson.  591 

to  expose  the  solution  to  indefinitely  large  volumes  of  air.  Notwithstand- 
ing the  very  general  assumption  as  to  the  stabilizing  effect  of  caustic 
soda  or  potash,  we  have  found  no  such  action  in  our  experinumts  with  the 
electrolysLs  of  brine  (Experiment  XV  A).  It  is,  on  the  other  Imud.  possible 
that,  in  the  case  of  solutioas  made  from  blcacliiu}i;  powder  the  addition  i)f 
caiLstic  alkalies  might  tend  to  stabilize  the  product  by  removing  salts  of 
iron  existing  as  impurities  in  the  bleach,  the  presence  of  which  Ls  well 
known  to  cause  rapid  decomposition  of  hypochlorites  by  catalysis.  This 
is  a  point  to  be  kept  in  view  in  making  comparative  tests  of  solutions 
of  "  bleach  "  and  of  electrolyzed  brine,  as  the  former  will  vary  largely  in 
stability  in  accordance  with  the  presence  or  absence  of  iron  salts  in 
the  original  bleaching  powder.  It  is  interesting  to  note  that  we  have  not 
found  iron  in  any  of  the  brine  solutions  made  from  numerous  samples  of 
bazaar  salt  in  this  laboratorj'. 

Borax.— The  use  of  this  salt  has  been  recommended  as  a  stabilizer,  it 
has  some  effect,  but  only  in  low  concentrations  of  less  than  1  jier  cent  avail- 
able chlorine.  (Experiments  XV  and  XV  A.)  It  may  here  be  pointed 
out  that  a  3  per  cent  salt  solution,  electrolysed  to  a  strength  of  05  per 
cent  available  chlorine  to  which  05  per  cent  of  borax  is  added,  may  be 
used  as  Dakin's  solution  (Cutler  and  Hubbard,  Journal  of  Biological 
Chemistry,  Vol.  XXXVII,  No.  4). 

Lime. — The  addition  of  lime  as  hydrate  was  found  to  produce  a  stabi- 
lizing effect  of  a  high  order  as  compared  with  that  of  any  other  substance 
tested.  It  will  be  seen,  by  reference  to  the  tables  of  experimental  results  in 
the  appendix  that  the  stability  obtained  by  its  use,  although  not  by  any 
means  ab.solute,  Ls  yet  very  much  higher  than  that  so  far  obtained  by  any 
other  method.  It  appears  probable  that  in  the  presence  of  suflicient 
excess  of  lime  a  considerable  proportion  of  the  hypochlorite  formed  Ls 
calcium  rather  than  sodium  hypochlorite,  or  at  any  rate  that  calcium 
hyjiochlorite  is  the  end  product  of  various  chemical  reactions  taking  place 
both  during  and  after  electrolysLs.  That  such  changes  continue  after 
electrolysis  may  be  inferred  from  r)ur  observation  that  stabilization  may 
be  secured  by  the  addition  of  the  lime  after  completion  of  electrolysis 
(Experiments  XVlll  A  and  B)  but  that  they  aLso  occur  during  this  ojiera- 
tion  Ls  evident  from  the  fact  that  addition  of  lime  before,  or  during, 
electrolysis  allows  of  the  attainment  of  higher  degree  of  concentration  of 
available  chlorine.  (Flxperiments  XVIand  XVIIl.)  In  view  of  the  greatly 
increased  .stability  obtained  by  the  use  of  lime  numerous  ex|«'rinients  were 
carried  out  to    determine,    if  possible,  the  best  method  of  utilizing  this 


692  Report  on  Electrolytic  Chlorogen  (E.C.). 

substance.  These  experiments  generally  aimed  at  variations  in  the 
amounts  used,  and  of  the  method  of  addition.  The  addition  of  lime 
subsequent  to  electrolysis  was  also  used  to  obtain  a  clear  product.  Some 
success  was  obtained  by  the  use  of  potassium  chromate  as  a  stabilizer, 
but  it  did  not  seem  advisable  to  introduce  such  a  substance  even  in 
negligible  quantities  into  a  water  sterilizer. 

Another  method  of  increasing  stability  is  to  introduce  a  readily 
diffusible  colloidal  substance,  which  may  retard  decomposition  of  the 
hypochlorite  by  its  physical  properties,  this  principle  is  made  use  of  in 
connection  with  the  prpparation  of  other  compounds  such  as  hydrazine, 
but  very  little  is  known  of  the  actual  reactions  involved  and  the  method 
may  be  described  as  an  empirical  one,  although  like  many  others  similarly 
obscure  in  their  action,  it  is  of  undoubted  value.  Of  the  substances 
of  this  class  tried  by  us  at  Pusa,  sodium  rosinate  was  found  to  be  the 
most  efficient  as  a  stabilizer  in  conjunction  with  lime  (Experiments 
IV  A  and  C). 

In  view  of  the  absence  of  knowledge  as  to  the  actual  mode  of  action 
of  such  substances  and  the  emjiirical  nature  of  such  experiments  in  this 
direction  as  we  have  carried  out,  it  would  ajDpear  advisable  to  extend 
these  experiments  considerably  in  likely  directions  with  the  intention, 
not  only  of  discovering  a  means  of  obtaining  higher  stability  but  of 
securing  higher  concentration.  It  has  been  pointed  out  above  that  such 
higher  concentration  so  far  seems  to  involve  not  only  loss  of  stability 
but  of  efficiency  in  the  use  of  the  electric  energy  consumed.  The  aim 
of  further  experiment  should  therefore  be  to  combine  high  stability  and 
concentration  without  undue  consumption  of  current. 

ConcentmlioH  oj  Elecirolyte. — The  strength  of  brine  solution  used  is  of 
importance  as  it  is  found  that  it  is  necessary  to  employ  strong  solutions 
(20  per  cent — -25  per  cent  NaCl)  in  order  to  obtain  any  degree  of 
concentration  without  undue  waste  of  electrical  energy  (Experiment  V). 
At  the  same  time  the  higher  conductivity  of  strong  brine  reduces  the 
amount  of  heating  due  to  the  resistance  of  the  electrolyte  and  therewith 
renders  it  easier  to  avoid  formation  of  chlorate.  In  commercial 
electrolysis  of  brine  on  a  large  scale  for  production  of  bleach  liquor  the 
actual  concentration  of  salt  employed  is  frequently  as  low  as  10  per  cent, 
but  this  is  utilized  so  as  to  effect  economy  in  salt  rather  than  in 
electric  current,  as  high  concentrations  of  available  chlorine  are  not  aimed 
at,  less  than  1  per  cent  being  generally  required.  In  order  to  obtain 
concentrations  of  25 per  cent  to  3  per  cent,  such  as  we  have  aimed  at. 
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we  find  it  necessary  to  use  brine  of  at  least  20  per  cent  concentration : 
this  also  serves  to  reduce  the  tendency  to  heatinj;. 

Electrical  conditions. — We  do  not  propose  in  this  report  to  enter 
into  anv  elaborate  disciussion  of  electrolytic  theory  nor  to  dLscuss  in 
any  detail  the  economic  side  of  the  expenditure  of  electrical  euer}{y  in  the 
production  of  hypoclilorite  solutions.  We  shall  content  ourselves  with 
givinj;  in  the  tables  of  experimental  results  the  number  of  ampere  hours 
of  the  electricity  consumed  as  actually  measured  by  a  meter  during 
the  running  of  the  experiment  ;  from  thus  it  will  be  easy  to  make  any 
necessary  calculations  as  to  the  cost  of  production  of  hypochlorite 
solutions  by  our  method  with  reference  to  local  supplies  of  current  at 
varioiLs  rates.  The  cost  of  bazaar  salt  required  can  be  calculated  by 
reckoning  on  the  u.se  of  a  25  per  cent  solution.  The  co.st  of  the  additions 
of  lime  and  sodium  rosinate  is  negligible,  owing  to  the  small  quantities 
ased. 

Voltage. — To  the  "  polarization  "  voltage  theoretically  require<l  for 
the  splitting  up  of  NaCl  must  be  added  that  necessary  to  overcome  the 
combinetl  resistances  of  the  electrolyte,  and  of  the  electrodes  and 
connections  of  the  cell  ;  in  actual  pnctice  we  find  r>— 8  volts  per  cell 
approximately  necessary,  so  that  w'th  an  ordinary  li),hting  current  of 
110  volts  12  to  18  cells  can  be  used  in  series  and  at  an  efficiency  of 
50  per  cent  each  ampere  hour  will  rei  der  available  'GP  grams  of  chlorine 
per  cell.  At  lower  concentrations  .=  ach  as  required  for  Dakin'p  solution 
an  efficiency  of  as  much  as  75  per  cent  may  be  expected.  The 
capacity  of  the  cells  will  of  course  depend  upon  the  current  available, 
and  this  in  a  lighting  circuit  will  again  depend  on  the  current-carrying 
capacity  of  the  wiring  which  may  vary  in  an  ordinary  house  or 
office  from  1  amp.  up  to  10  amps,  or  more.  With  a  separate  generating 
plant  such  as  would  be  available  on  a  river  steamer  or  at  a  base 
hospital,  the  amount  of  current  available  for  electrolvsLs  would  dejiend 
upon  the  output  of  the  generator  and  the  other  duties  of  the 
installation.  In  any  case,  however,  the  actual  current  required  Ls 
comparatively  little,  and  the  smallest  generator  would  only  require  a 
few  houre'  running  overtime  to  produce  enough  hy|Mi(hlorite  solution 
for  ordinary  requirements.  Thus  a  5  Kw.  generating  plant  suitable 
for  X-ray  work  and  operation  theatre  illumination  would  prinluce 
4  gallons  of  hypochlorite  .solution  of  25  per  cent  CI  strength  (referred  to 
hereinafter  in  this  report  as  E.  C.)  per  hour,  this  quantity  being  suHicient 
to  sterilize  80,0(K)  to  1G<J,(XJ0  gallons  of  water.     It  will  l.e  s.-n  f  hcr.-fore 
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that,  with  a  .stability  period  in  the  hot  weather  of  six  weeks,  it  should  be 
possible  to  produce  this  solution  at  points  well  within  the  range  of 
transport  permitted  by  such  a  period  of  stability.  Tl\e  same  plant 
would  produce  approximately  30  gallons  of  Dakin's  solution  of  0  5  per 
cent  Clo  strength  per  hour.  Alternatively,  a  complete  outfit  for  field  work, 
comprising  l|Kw.  dynamo,  mule  gear  and  cells,  could  be  made  to  form  a 
load  for  four  small  mules  and  weigh  less  than  fiOO  lbs.  and  could  be 
operated  by  two  mules.  This  would  produce  sufficient  E.  C.  to  sterilize, 
.say,  20,000  gallons  of  water  per  hour. 

Curreni. — In  commercial  electrolytic  practice  economy  is  effected  by 
the  use  of  large  currents  of  low  potential,  the  latter  being  kept  down  to  the 
minimum  necessary  to  overcome  the  resistances  in  the  cell.  In  the 
production  of  hypochlorites  the  chief  point  in  the  electrical  conditions 
necessary  for  efficiency  is  the  provision  of  a  high  current  density,  i.e., 
the  ratio  of  current  to  electrode  surface  ;  an  efficient  ratio  Ls  found  to  be 
about  1  ampere  per  sq.  cm.  of  electrode  surface.  Lower  current  densities 
tend  to  increase  the  secondary  reactions  occurring  in  the  cell,  such  as 
result  in  the  liberation  of  undue  quantities  of  hydrogen  with  consequent 
reduction  of  the  hypochlorite  formed. 

Elecfrodes.—Th.e  expense  of  platinum  iridium  and  platinum  electrodes 
made  it  necessary  to  work  mainly  with  carbon  electrodes.  Much  trouble 
was  experienced  with  these  owing  to  their  varying  composition  and  the 
readiness  with  which  they  are  attacked  both  by  oxygen,  hypochlorite  and 
chlorate.  Apart  from  the  rapid  destruction  of  the  electrodes,  necessitating 
replacement,  not  only  is  the  formation  of  hypochlorites  interfered  with  by 
this  action,  but  the  stability  of  the  product  Ls  lowered  owing  to  the 
catalytic  action  of  the  finely  divided  carbon  particles  resulting  from 
their  disintegration  (Experiment).  These  can  be  removed  to  a  great 
extent  by  settling  and  decantation,  but  in  every  case  the  stability  of  E.  C. 
produced  from  platinum  electrodes  was  higher  than  that  of  E.  C.  from 
carbon  ones.  Later,  in  the  course  of  this  enquiry,  we  were  able  to  obtam 
a  few  samples  of  Acheson  graphite  specially  made  in  America  for 
electrolytic  work.  This  material  approaches  very  nearly  to  the  efficiency 
of  platinum  for  this  purpose  and,  as  it  is  cheap,  being  made  on  a 
very  large  scale  by  the  Acheson  Co.,  its  use  in  place  of  platinum  is 
indicated. 

Forms  of  cell  experimented  loith. — It  may  be  said  at  once  that 
no  finality  has  been  arrived  at  in  this  direction,  although  more  than  one 
type  of  cell  has  been  devised  capable  of  producing  E.  C.  of  standard 
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concent  mt  ion  and  stalnlit y  under  oixlinarv  conditioas  sucli  as  should  be 
obtainable  wherever  current  is  available.  A  fixed  standanl  tv|M)  could 
readily  be  arrived  at  by  the  introduction  of  such  inodificationsof  theexist- 
in<;  form  as  trial  under  various  conditions  might  suggest.  The  chief 
requirement  in  such  a  cell  is  the  i)rovision  of  a  method  of  cooling  the 
electrol\-te  during  electrolysis.  This  may  be  done  either  by  air  cooling  or 
water  cooling.  Generally  speakmg  the  former  involves  circulation  of  the 
brine,  wherea-s  the  latter  may  be  obtained  by  nmning  water.  The 
former  therefore  either  necessitates  passage  through  the  electrolyzer  by 
gravity  and  the  attainment  of  concentration  by  repeated  electrolysis  with 
intervals  for  cooling,  or  the  same  end  may  be  obtamed  by  the  use  of  a 
pump.  We  find  that  this  method  involves  disadvantages,  owing  to  the 
high  tempeniture  reached  by  the  brine  when  pa.ssed  through  a  series  of 
cells  sufliiciently  long  to  attain  the  necassary  concentration,  or  alter- 
natively to  the  long  perio<l  required  for  cooling,  and  the  complications 
introduced  by  the  iLse  of  a  pump,  if  concentration  Is  to  be  obtained  by  a 
succassion  of  passagas  through  the  electrolyzer.  Water  cooling,  on  the 
other  hand.  Is  comparatively  simple,  especially  where  a  pipe  supply  is 
available,  although  in  place  of  this  a  hand-fed  tank  can  easily  bo  arranged. 
\Vhere  ice  is  obtainable,  water  cooling  is  naturally  easily  effected.  It 
would,  of  course,  be  com])aratively  simple  to  design  an  apparatus  for  u.>!e 
with  a  pipe  suppiv  under  pressure,  but  the  latest  form  of  electrolyzer 
tried  is  intended  for  use  under  conditioas  where  only  the  flow  from  a 
hand-filled  tank  or  cistern,  with  a  head  of  a  foot  or  two,  may  be  available. 
With  this  form  of  cell  the  heated  electrolyte  rising  from  the  gap  between 
the  electrodes  comes  immediately  into  direct  contact  with  a  cooling 
water  tube  and  again  with  a  second  above  it.  With  this  arrangement  we 
find  that  it  Is  possible  to  keep  the  temperature  of  the  brine  well  within 
five  degrees  of  that  of  the  cooling  water,  whereas  with  other  types  this 
difference  might  amount  to  as  much  as  fifteen  to  twenty  degrees  centi- 
grade. The  rate  of  rise  of  temperature  of  the  electrolyte  will  naturally 
v&TV  coder  is  ^ri6»s  with  the  ratio  between  the  current  and  volume  of 
brine  in  the  cell,  so  that  it  Is  difficult  to  obtain  a  high  rate  of  electrolysis, 
i.e..  high  ratio  of  current  to  eIectrol\i;e,  without  at  the  same  time 
undergoing  risk  of  undue  rise  of  temperature.  The  rate  at  which 
electroljBis  can  be  carreid  out  safely  will  therefore  depend  largely  upon 
the  efficiency  of  the  cooling  arrange  ments,  and  this  again  will  de|)end 
upon  the  design  of  the  electrolyser  and  the  temperature  and  rate  of  flow 
of  the  cooling  water.     Generally  speaking,  therefore,  it  maybe  »aid  that 
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we  should  aim  in  designing  our  electrolyser  at  an  appropriate  mean 
between  high  rate  electrolysis  requiring  the  rapid  flow  of  large  quantities 
of  low  temperature  cooling  water,  and  the  slow  and  prolonged  action  of 
small  currents  with  poor  cooling.  Given  a  well-designed  cooling 
arrangement  it  is  merely  a  question  of  the  use  of  a  thermometer  in 
conjunction  with  the  variable  resistance  (which  should  form  part  of 
the  apparatus  and  might  take  the  same  form  as  a  fan  regulator)  to 
determine  the  rate  of  electrolysis.  Where  ice  is  available,  naturally  a 
high  rate  of  electrolysis  could  be  employed.  It  must  also  be 
remembered  that  in  situations  where  cooling  is  difficult,  owing  either  to 
shortage  of  cooling  water  or  high  temperature  of  the  latter,  a  concentrated 
brine  (2.5  per  cent  NaCl)  must  be  used  in  order  to  reduce  the  heat  due  to 
the  higher  resistance  of  more  dUute  solutions. 

In  actual  practice  the  type  of  electrolyser  above  referred  to,  of  which 
the  overall  dimensions  are  W/  x  8'  x  17"  and  the  weight  about  30  lbs., 
working  with  a  current  of  5  amps,  at  24  volts  and  with  cooling  water  at 
25°  C,  will  turn  out  3-6  litres  of  05  per  cent  E.  C.  in  6-5  hours  consuming 
about  I  unit  electricity.  The  actual  outturn  depends  upon  the  number 
and  size  of  the  cells,  and  this  again  is  determined  by  the  current  available 
as  before  explained  ;  the  electrolyser  actually  now  in  use  at  Pusa  is 
made  up  of  only  four  cells  holding  900  cc.  each ;  this  is  run  once  a 
week  to  produce  E.  C.  sufficient  for  the  sanitary  requirements  of  the 
Institute  and  estate  including  the  sterilization  of  some  forty  wells.  The 
advantages  of  its  use,  as  compared  with  that  of  bleaching  powder  for  the 
same  purposes,  are  numerous  and  evident ;  amongst  these  may  be  cited 
the  following : — 

(1)  Bleaching  powder  must  be  imported  from  Europe  and  loses  a 

high  and  varying  proportion  of  its  content  of  available 
chlorine  on  the  voyage.  This  loss  continues  in  store  in 
India  and  has  been  shown  to  amount  to  as  much  as 
96  per  cent  of  its  available  chlorine  in  eight  weeks  at 
98°  F.  (=36-7°  C)  and  in  three  weeks  at  113°  F  (=.45"^  C). 

(2)  Owing  to  the  great  variation  between  samples  of  bleaching 

powder  it  is  iiecessary  to  titrate  every  solution  made 
therefrom  to  ensure  the  inclusion  therein  of  a  sufficient 
quantity  of  available  chlorme.  Owing  to  the  difficulty  of 
doing  this  in  actual  practice  excessive  quantities  of  bleach 
are  frequently  used  with  great  detriment  to  the  condition 
of  the  drinking  water. 
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(3)  Ulioii  hlfrtchiii^  jiowdor  has  (IcferiorattHl  so  tliat  if  is  iiciTSNiry 

to  use  pxcessivc  aiimiints  to  olitrtiu  tlie  requisite  ronrontra- 
tion  of  available  ehiorine.  siicli  deterioration  generally 
involves  tlie  formation  of  soluble  compounds,  such  as 
chlorates,  some  of  which  are  larj^ely  res]ionsible  for  the 
characteristic  and  objectionable  taste  of  "■  chlorinated 
water. 

(4)  When  "  bleach  "  solutioiLs  are  made  up  to  .standanl  strength 

their  stability  will  be  found  to  vary  greatly  in  accordance 
ivith  the  character  of  the  bleachiim  powder  from  which 
they  are  made,  and  the  presence  of  such  impurities  as 
salts  of  iron  and  other  catalysts. 

(5)  The  cast  of  imported  bleaching  powder  when  taken  together 

with  that  of  railway  freight  from  the  seaport  compares 
infavourably  with  that  of  the  indigenous  materials  required 
for  the  manufacture  of  E.  C.  even  when  refined  table  salt 
is  used.  The  cost  of  the  electric  current,  when  calculated 
merely  as  that  of  the  extra  fuel  and  lubricants  required  by 
the  additional  time  of  runniixgthe  generating  plant,  adds 
a  veri"  small  amount  to  the  cost.  The  capital  cost  and 
recurring  charges  for  renewals  of  the  apparatiis  are 
comparatively  small. 

(6)  The  advantages  of  independence  of  imported  materials  have 

been  fully  demonstrated  by  recent  experience  in  India. 

As  agaiast  the  above  it  may  be  pointed  out  that  owing  to  the 
possibility  of  standardizing  all  the  conditioas  for  manufacture  of 
R.  C.  this  solution  can  be  turned  out  of  unvarying  concentration  so  long  as 
due  attention  is  j)aid  to  the  quantities  of  material  used  and  the  electrical 
conditions  of  working.  It  must  be  said,  that  when  using  crude  bazaar 
salt  in  place  of  table  .salt,  slight  variatioas  in  stability  are  liable  to 
Occur,  no  doubt  owiiig  to  the  presence  of  impurities.  The  actual  .stability, 
however,  is  only  afTected  in  this  case  to  a  slight  extent,  the  alteration 
taking  the  form  of  a  more  rapid  falling-of!  in  concentration  after  pa.s.sing 
the  initial  six  weeks'  periwl  of  comparative  stability  characteristic  of  E.  C. 
under  hot  weather  temperature  conditioas.  The  ability  to  produce 
practically  unlimited  supplies  of  hypochlorite  solution  for  u.se  in  surgical 
drewsings  ami  for  sanitary  disinfection,  wherever  current  and  bazaar 
salt  are  available  miLst  give  the  use  of  the  electrolytic  methwl  a  coasider- 
able  a<lvantage  over  that  of  bleaching  powder,  which  at  100°  F.  loses  over 
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90  per  cent  of  its  available  chlorine  in  eij,'ht  weeks,  thus  necessitating  the 
transport  of  large  quantities  of  entirely  inert  material  and  continual 
chemical  determinations  of  its  remaining  chlorine  content.  Notwith- 
standing the  undoubted  and  recognized  value  of  bleaching  powder  as  an 
antiseptic,  its  use  in  India  has  been  comparatively  restricted,  very  largely 
by  reason  of  the  facts  above  cited  and  especially  on  account  of  the  rapid 
loss  of  chlorine  which  it  undergoes  at  tropical  temperatures  and  the 
consequent  rmcertainty  of  its  action.  Local  production  of  hypochlorite 
solutions  of  known  chlorine  content  should  go  far  towards  extending  the 
use  of  chlorine  as  an  antiseptic,  not  only  for  sterilizing  water  supplies, 
but  for  surgical  dressings  and  general  sanitary  purposes. 

Stability  of  E.  C. — Full  details  of  tests  of  the  stability  of  E.  C.  under 
various  conditions  of  preparation  and  storage  will  be  found  in  the 
Appendix  to  this  report  ;  the  following  general  remarks  may  be  made 
here.  By  the  use  of  lime  and  sodium  rosinate  practical  stability  may  be 
obtained  up  to  about  six  weeks  at  plains  temperatures  (30°  C)  and  to  as 
much  as  one  year  or  more  on  hill  stations  (20" — 22°  C). 

Absolute  stability  of  hj^Dochlorite  solutions  is  unknown  owing  to 
occurrence  of  hydrolysis  ;  the  relative  stability  period  of  E.  C.  includes  an 
initial  one  of  very  slow  loss  of  available  chlorine  followed  by  a  second  in 
which  the  rate  of  loss  undergoes  obvious  acceleration.  The  initial  or 
stable  period  varies  in  length  on  the  one  hand  with  method  of  preparation, 
and  on  the  other  with  conditions  of  storage.  With  no  addition  of  stabi- 
lizers and  at  plains  temperatures  (30°  C)  this  initial  period  is  infinitely 
short,  and  stability  is  nil ;  by  the  use  of  lime  and  sodium  rosinate  the 
mitial  period  may  be  extended  to  six  weeks  or  more  at  30°  C  and  to  as 
much  as  20  weeks  or  more  Ln  hiU  stations  or  in  a  cool  incubator  at  20^ 
22^  C.  It  is  of  importance  in  connection  with  the  reports  as  to  the 
stability  of  samples  of  E.  C.  sent  for  testing  to  various  laboratories,  to 
realize  the  existence  of  this  initial  period  of  relative  stability  with  the 
break  in  the  curve  occurring  at  plains  temperatures  at  the  six  weeks' 
point ;  thus  a  test  made  of  the  relative  stabilities  of  E.  C.  and  a  bleach 
solution  made  up  to  the  same  strength,  will  depend  for  its  value  upon 
taking  into  consideration  the  point  in  the  curve  at  which  the  test  began  ; 
if  this  test  was  carried  out  on  a  sample  which  had  already  approached  the 
six  weeks'  point  the  relative  stability  of  the  E.  C.  would  appear  low  as 
compared  with  one  performed  on  a  more  recently  prepared  sample,  nor 
would  the  initial  dilution  of  the  "  bleach  "  liquor  so  as  to  produce  equal 
concentrations  in  both  solutions    secure  complete  parallelism  between 
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them.  It  must  be  furthor  jwiiitwl  out  tliat  tlio  stability  of  one  sample  of 
'•  bleach  "  is  no  statxdanl  for  such  sohitious  in  general  owing  to  the 
\-arving  (K'currence  of  catal^-sts  as  imi)urities  in  bleaching  powder.  Clear 
indication  of  this  fact  is  afltortled  by  the  very  varying  stability  of  com- 
mercial samples  of  sterilizers  now  on  the  market,  prejwred  from  bleaching 
powder. 

.t»tisep(ic  elpcienci/  oj  E.  C. — Not  very  much  experimental  work  on 
the  sterilizing  power  of  E.  C.  was  done  at  I'usa,  as  it  was  taken  for  granted 
that  this  depended  upon  its  content  of  available  chlorine  measured 
chemically  (Rej>ort  of  the  Director  of  Parol  Laboratory,  11th  May,  1919). 
A  certain  number  of  experiments  was  carrietl  out  which  seeme<l  to  indicate 
that  in  this  respect  E.  C.  was  strictly  comparable  with  "  bleach  "'  solution, 
and  those  jierformed  in  the  Pasteur  Institute  at  Shillong  and  in  the 
laboratory  of  the  Sanitary  Commissioner  to  Government  of  Assam 
appeared  conclusive  on  this  pfiint.  (Reports  of  Knowles  and  McCombie 
Young.) 

It  is  of  interest  to  note  that  electrolyzed  brine  solutions  are  well 
known  to  possess  antisejitic  efficiency  of  a  higher  order  than  bleaching 
powder  solut  ions  of  equal  contents  of  available  chlorine.  This  is  probably 
due  to  their  content  of  hypochlorousacid,  the  unstable  nature  of  which, 
although  increasing  the  rate  of  antiseptic  action  of  such  solutions,  greatly 
dimiJiishe.s  their  stability,  so  that  they  can  only  be  used  effectively 
immediately  after  preparation.  The  addition  of  lime  in  the  manufacture 
of  E.  C.  prevents  the  fonnation  and  persistence  of  free  hypochlorous  acid. 
In  this  comxection  an  interesting  observation  was  made  that  the  addition 
of  very  small  quantities  of  ammonia  to  the  water  to  be  sterilized,  before 
the  addition  of  E.  C,  increased  the  bactericidal  effect  of  the  latter  by 
about  100  jjer  cent.  Lt.-Col.  II.  Koss,  I.M.S.,  drew  our  attention  to  the 
fact  that  thLs  effect  had  been  observed  already.*  It  would  s(>em  worth 
while  to  follow  this  line  of  experiment  further. 

The  method  of  estimating  the  percentage  of  available  chlorine  used 
in  this  laboratory  was  the  ordinary  Pot.  iodide  and  sodium  thiosulphate 
routine  method.  ThLs  was  checked  by  the  arsenious  o.xide  method. 
A.S  confusion  of  ideas  apjiears  to  arise  occasionally  as  to  the  proper 
interpretation  of  the  term  "  percentage  of  available  chlorine,"  it  might 
be  well  to  point  out  lierc  that  this  term  Is  a  conventional  one  arising 
out  of  the  chemistry  of  bleaching  powder  manufacture  ;   it  does  not 


•  The  use  o(  ammonia  in  the  chlorination  of  water  by  Joseph  Uace,  r.l.c. 
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imply  the  presence  of  the  weight  of  actual  chlorine  stated  but  only  half 
this  amount  as  this  is  expressed  in  terms  of  its  antiseptic  capacity,  which 
is  proportional  to  the  amount  of  oxygen  set  free  coincidentally  with  the 
breaking  up  of  the  hypochlorite.  A  note  on  this  point  was  kindly 
written  by  Mr.  W.  A.  Dav'is  at  our  request  and  is  appended. 

[The  Authors  desire  to  acknowledge  the  valuable  assistance  of 
Mr.  C.  S.  Ram  Ayar,  b.a.,  Assistant  to  the  Imperial  Agricultural 
Bacteriologist  at  Pusa,  in  the  collection  of  the  data  in  the  Appendix 
of  this  Report.— Ed.] 
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and  in  high  concentrations. 
Effect  of  temperature. 
Eifect  of  I  ilution. 
Effect  of  sodium     rosinate  and     lime. 


Experiment  A  and  Bulk  23 
V 

XVI , 
XVIII 


C.  Concentration. 

Effect  of    potassium  chromate. 

Comparison  of  10  %  and  saturated  solution  of 

NaCl. 
The  optimum  amount  of  lime  to  be  added. 
Effect      of      adding     lime    before     and      after 

eleotrolvsis. 


ir.  HiKhikinsoii  <iii(l  C.  M.  H'llchinson.  GOl 

Experiment  I. 

27-7-1918. 
Showing  the  comparative stabiliiij  nj  MfjO  and  CaO.     See  Chart  ./ . 


Volume   per    cell. 


6  cells  of 
25  O.C.  each. 


6  cells  of  4  cells  of 

25  C.C.  each.       25  c.c.  each. 


.\node 

Cathode 

Current 

Current  densit y 

Brine 

Lime,  CaO 

■"saturated  solution  of  sodium  rosinate 

.Any  other  addition 

Ampere  hours 

Final  concentration  of  available  chlorine 

Theoretical  concentration 

Slabilily. 
Available  chlorine  after  — 
2-t   hours 
2  days 


in 


Arc  Lamp  carbon  6  mm.  diameter 
Ditto 
Unknown 
Unknown 
25  %  Table  Salt  in  distilled  water 
2-5  %     I  Ml.  Xil. 

.Y.7.  Ai7.  iYi7. 

.Yi7.  I    %  MgO  .Vi7. 

U  n   known 
1-97  %  2-12    %  1-99   "' 


1  -95.5  "o 

2-05  ••;, 

0-7   % 

1-95    % 

1-80    °o 

0-3  % 

1-95    % 

1-10    % 

0-1    % 

1-88    % 

0-33    % 

Experiment  II. 

7-11-1918. 

.\(hiilin)i  of  Sodium  Rnxinntr. 


Volume  per  cell 

Anode 

Cathode 

Current 

Brine 

CaO 

.Sodium  roHinate 

Any  other  addition 

Ampere  hours 

Theoretical  concentration  of   .Vv.  CI, 

Final  concentration  of  Av.  CI.. 

Effiriency  per  cent 

Slahililii. 
Av.  CI.  after  0     weeks 
B)  months 


A 


250  CO.  I  250  c.c. 

Arc  Lamp  carbon  fi  mm.  diameter 
Ditto 
5  to  5)    amperes 
Table  salt  25  %  in  distilled  water 


I    % 


.Vi7. 

5  c.c. 

.Vi7. 

l«-3rt 
8-r,3"„ 

i\i7. 

3  02% 

312% 

35-0 

Sft-l.-i 

2-87 

21Mt 

1-57 

1  -m 
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Experiment  IV. 

14-11-1918. 
Lime  addeit  before  and  ajler  eleclrohjais. 


A                   B 

c; 

D 

Volume  per  cell 

250  0.0.        250  0.0. 

250   CO. 

250  cc. 

Anode 

Are  Lamp  carbon,  6  mm. 

diameter 

Cathode 

D     i     t     t 

o 

Current 

5  to     5'4     amperes 

Brine 

25%               Table 

salt 

Sodium    rosinate 

Nil.                  Nil 

5  0.0. 

6c.c 

CaO 

1% 

Nil. 

1% 

Nil. 

Any  other  addition 

Nil. 

Ampere  hours 

14-50 

Theoretical  concentration  of  Av.  CI, 

7-68% 

Efficiency  per  cent 

32-i 

33 -46 

37-03 

31-64 

Final  concentration  of  Av.  C\., 

2-47% 

2-57% 

Added 
l%lime 

2-89% 

2-43% 

Added 
1%  lime 

StubiliUj. 

Av.  C\.    after  ti  weeks   . . 

2-40% 

2-50% 

2-83% 

2-06% 

Experiment  V. 

10-11-1918. 
Saturated  solution  versus  10  per  cent  solution. 


A 

B 

C 

D 

Volume  per  cell 

250  c.c. 

1 

Anode 

Arc   La 

nip   carbon 

,     6   mm. 

diameter 

Cathode 

D     i     t     t 

o 

Current 

San 

p     e     1 

e      s 

Brine 

T 

ible  salt,  .ss 

iturated. 

iO    % 

CaU 

1   % 

1    % 

1    % 

1    % 

Sodium  rosinate 

Nil. 

5  c.c. 

Nil. 

5  0.0. 

Any  other  addition 

Nil. 

Ampere  hours 

12-74 

Final  concentration  of  Av.  CI , 

2-57% 

2-66% 

2-15% 

1     2-07% 

Efficiency  per  cent 

■38-24 

39-58 

32-0 

30-8 

Theoretical  concentration  of  Av 

.  CI, 

.. 

1          6-72 

A 

&    B   re-el 

ectrolvsei 

nnlil 

2-80% 

2-52% 

Sidbilil!/, 

Av.   CI...  after  3  weeks    .. 

2-65% 

2-24% 

1-5H"„ 

1-73% 

11  .  IIodgkiHson  and  C.  M.  IliUchiiuson.  003 

Experiment  VI  A. 

Experiment  showituf  the  efftcienci/  of  Electrolysis  at  250  c.c.  per  cell.    Tabic 
silt  solution  25  per  cent  and  1  per  cent  lime  current  5  amperes. 


Ampere  hours 

Theoretical 

Actual 

Overall 

Eflicioncy  of 

Cl,% 

Efficiency  % 

stage  % 

1-82 

0-96 

0-8 

83 

•   83 

3-64 

1-92 

1-39 

72 

61-5 

5-4« 

2-88 

1-92 

67 

55-2 

7-28 

.•(81 

2  30 

o9-3 

.■»9-5 

910 

4-80 

2-46 

51 

16-6 

10-92 

r)-7t> 

2-58 

44-7 

12-2 

12-74 

6-72 

2-60 

38-5 

2  0 

Re-eUdrolysis  ajter  2  days. 


I4--.6 

7-68 

2-74 

36 

14-6 

16-38 

8-64 

2-82 

32-5 

8-3 

18-20 

9-60 

2-80 

29  0 

Negative 

2002 

10-5l> 

2-72 

24 

21-84 

1 1  •r)2 

2-66 

22 

•23 -tie 

12-48 

2-73 

22 

2.->-48 

13-44 

2-74 

20 

Nil. 

Exi'KUI.MK.NT    JX. 

•23-12- I91H. 
Kfjcct  nj  Mnr/nesia  on  slahili///. 


B 

C 

D 

E 

F 

Volnme  |.er  cell 

250  c.c. 

250  c.c. 

255  c.c. 

250  c.c.        250  c.c. 

Anode 

Arc 

Lamp 

carbon,     ( 

m.m.     diameter 

Cathode 

D     i 

t     t     o 

Current 

5     a 

m     p    0 

res 

Brine 

Rock 

salt  25  % 

in  distilled   water 

Lime  CaO 

1% 

1% 

Nil. 

1    %             >% 

Saturated  solution  sodium  .. 

Sil 

Nil. 

1    c.c. 

I   c.c.           1   c.c. 

roninate 

Any  other  addition 

.Vi7. 

2-5  % 
MgO 

Nil. 

.V|-/.            2-5  % 
Mgii 

Ampere  hours 

16-38 

Theoretical    concentration  of 

••       1 

8.04% 

Av.  CI, 

Efficiency  per  cent.  34-37 

Final  concentration  of  Av.  CI,  2-97% 

.SMfci/iVy. 

At.   CI,   after  «  weeks  226 

After  23  week*  0-69 


33-45  32-41  34:t7  34-84 

2-89%        2-80%     I      297%         301% 

(No  lime  added  at  the  end) 


2-23 
0-79 


2-49 
1-20 


2-02 
0-37 
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Experiment  XI. 

28-3-1919. 

Plaliimm  Allude  and  Carbon  Cathode  veisns  Carbon  Anode  and  Plaiinam 
Cathode. 


A 

B 

Volume  per  cell 

75  c.c. 

75  o.c. 

Anode 

14  mm.  gas  i 

arbon  Platinum  wire 

Cathode 

Platinum  wire        Cas  carbon 

Current 

5ampe   res 

Brine 

Eock  salt  25  % 

Water 

D  i  s 

tilled 

Lime,  CaU 

1  %  after 

1  '8  ampere  hours 

Saturated  solution  sodium  rosinate 

Sil. 

Any  other  addition 

Nil. 

Ampere  hours 

4-91 

Theoretical  concentration  of  Av.  CI  a 

8-G4 

Efficiency  per  cent. 

29-97 

39-58 

Final  concentration  of  Av.   CI.     .. 

2-59% 

3-42% 

(Added    1   % 

lime   at  the   end) 

Stahililii. 

Av.  chlorine  after     0   weeks 

2-04  % 

2-825% 

„     23       „ 

Not  kept 

2-385% 

Experiment  XIII. 

1-5-1919. 

Platinum  Anode  and  Carbon  Cathode  vevsns  Carbon  Anode  and  Platinum 

Cathode. 


A 

B 

Volume  per  cell 

250  c.c. 

250  c  c. 

Anode 

Platinum  wire 

14  m.m.  gas  carbon 

Cathode 

14  m.m. gas  carbon 

Platinum  wire 

Current 

5  amperes 

o  amperes 

Brine 

Roc';   salt   25   % 

Rock  salt  25  % 

Water 

Distilled 

Distilled 

L  me.  CaU 

1    % 

1  % 

Saturated   solution  of  sodium  rosinate  . . 

0-1    % 

0-1   % 

Any  other  addition 

Xil. 

yn. 

.\mpere  1  ours 

1(5-38 

Theoretical  concentration  of  Av.  11, 

8-04   % 

Efficiency   pi-r  cent 

48-26 

32-06 

Final  concentration  of  Av.  CI . 

4-17   % 

2-77   % 

(Added  1    "„   limo 

at      the      end) 

Stubilil!/. 

Av.  Clo  after  24  hours 

4-17 

2-77 

„         6  weeks 

3-40  % 

2-42  % 

W  .  nmlt/kiiisun  diid  C.   M.  nittchtnson. 

ExPEKIilENT  XIV. 
21-5-19iy. 
Effect  of  adding  no  liine. 


G05 


A 

i; 

Volume  per  cell 

4  cells  of  1000  e.c. 

4  cells  of  1000  oc. 

Anode 

14  mm.  gas  carbon 

14  mm.  gas  carbon 

Cathode 

Do. 

D.I. 

Current 

ti  amperes 

6  amperes 

Brine 

Rock  salt  25  % 

Rock  salt  25   "„ 

Water 

Distilled 

Distilled 

Lime.  CaO 

Ai7. 

.V.7. 

i^aturated  solutiun   of  sodium  rosinate 

.Ml. 

.Vi7. 

Any  other  addition 

.Ml. 

.Vi7. 

Ampere  hours 

27  a 

27-3 

Theoretical  concentration  of  .\\ 

.  CI.. 

a-i>"u 

3-0% 

Efficiency  per  cent 

50  0 

50  0 

Final  concentration  of  A  v.  Clj 

1-8% 

1-8% 

(No  lime  added) 

(No  lime  added) 

Slabitili). 

Av.  CI,  after  24  hours 

0-2%    CI., 

0-2  "    CI, 

{.Added  1  %  lime  after  24   hours   and   re- 

electrolysed       concentration     2  "7      %. 

After  48     hours 

0-8     %. 

Experiment  XIV  A. 
7-6-1919. 
Effect  of  K^C'tOi  on  concenlralion  and  slubilili/. 


\ 

i; 

' 

II 

Volume  per  cell 

1200  CO. 

Anode 

Platinum 

Platinum 

I'latinnin 

Platinum 

wire 

wire 

foil 

foil 

Cathode 

Gas 

Carbon 

14  mm. 

diameter 

Current 

«-5 

Amperes 

Brine 

Sainbhar 
Salt  25% 

Rock 

salt 

25% 

Water 

DiHtilled 

Distilled 

DiHtilIrd 

Distilled 

Lime,   CaO 

1% 

Saturated      solution       of      sodium 

msinato 

01% 

Any  other  addition 

.V.7. 

.V.7. 

005"i, 
KsCd, 

.Vi7. 

Ampere  hours 

27-75 

Theoretical  concent  rat  inn  of  Av.  CI., 

3  115  V,, 

Efficiency  |>cr  cent 

08-85 

80  0 

85-57 

78-03 

Final  concentration  of  Av.  CI, 

2-1% 

2-44% 

2-111% 

2-38",, 

Slabilil!/. 

Ar.  CI,  after  0  weeks 

0-3 

11 5% 

2-20% 

116% 
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Experiment  XV. 

25-7-1919. 
Effect  of  Borax  on  stabilifi/  in  high  concenlralion. 


Volume  i)cr  cell 

2  beakers  each  1,000  c.c. 

Anode 

Platinum  wire 

Cathode 

Acheson  graphite 

Anode  current   density  .. 

1 

Current 

6  amperes 

Brine 

20  %  Rock  salt,  distilled  water 

CaO 

Xil. 

Saturated  solution  of  sodium  rosinate 

Nil. 

Any  other  addition 

Nil. 

Ampere  1  ours 

28-2 

Theoretical  concentration  of  Av.  CI... 

3-72% 

Efficiency  per  cent. 

42-5 

Final   concentration  of  Av.  CI  j 

1-53% 

Divided  into  7  parts  of  250  c.c. 
each  and  added 

A 

i; 

(.' 

1* 

E 

F 

G 

11 

grms. 

gnl. 

3-75 
grms. 

1% 
CaO 

1% 
CaO  & 
S.R. 

5  c.c. 
of  1% 
NaoH 

Control 

litabiUly. 

Borax 

Av.   01 ,   after  24 
hours 

1  -34  "„ 

1-27% 

1  -22% 

1-425% 

1  ■i-A% 

0-37% 

0-27% 

After  3  weeks    .. 
„      0       „       .. 

0-42"o 

o-3.')°;. 

0-30"^ 

1  -38% 
1-3S"„ 

l-39°o 

XII. 

A-f7. 

„    23       ..       .. 

1-270,', 

l-27«o 

11  .  ILnlgkinsoii  and  C.  M.  Iluhliinson.  (iO? 

Experiment  XV  A. 

29-7-iyiy. 

PlJJat  of  Borar  dii  .■itabiUti/  in  low  coiicrnlraliun. 


Vyluiuc  (ler  till 

Anodo 

Cathod« 

Anode  current  dcasity  .. 

Current 

Brine 

CaO 

Saturated  solution  of  sodium  rosinate 

Any  other  addition 

Ampere  hours 

Theoretical  concentration  of  Av.  CI, 

Efficiency  per  cent 

Final  concentration  of  A  v.  CI. 


1  cell  I.IXIU    o.c. 

Platinum  wire 

Achcson   graphite 

1 

5  amperes 

4  %  Kock  salt,    distilled  water 

Nil. 

Nil. 

Nil. 

5-1 

0-67% 

78 

0-50% 

Divided  into  4  parts  of  250  c.c. 
each  and  added 


A 

B 

C 

D 

3-7.1  grmx. 

2o  grms. 
Borax 

2-.J  gr.  CaO 

Control 
No  addition 

Slabililij. 

Av.  Clj  after  24  hours 

0  4'.i 

ll-4i»"„ 

(1-5% 

0-42% 

After  :t  weeks 

on    , 

i»:i«"„ 

"  "•'>?.'. 

0-03% 

„       71  M..uth«. 

"-■"• 

(1-22% 

0-40% 
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Experiment  XVI. 

31-7-1919. 
Optimum  amount  of  lime  to  he  added. 


A 

B 

C 

Volume  per  cell  . . 

1000  c.c.  each 

Auode 

Platinum 
wire 

Platinum 
wire 

Achesou 
graphite 
terminal 
electrod* 

Cathode 

Gas   carbon 
14  mm. 

Current 

7  Amperes 

Brine 

20  %  rock 

salt  in  tap 

water 

CaO 

0-5% 

Nil. 

ya. 

Saturated  solutiou  of  sodium  rosiuate  . . 

0-1% 

0-1% 

0-1% 

Any  other  addition 

Nil. 

Ampere  hours 

21-84 

Theoretical  concentration  of  Av.  CI...     .. 

2-88% 

Efficiency  per  cent  . . 

82-30 

62-50 

53-12 

Final  concentration  of  Av.  CU 

2-37% 

1  -80% 

1  -53% 

B  and  C  mixe 
of  400  c.c 

d  and  divided  into  5  parts 
.  each  and  added 

(i) 

(ii) 

(iii) 

(iv) 

Control 

StiihilitiJ. 

0-2.tO„ 

lime 

1     "o 

2   % 

ya. 

Av. 

CI,   Initial 

2-3700 

1  ■54''o 

l-.->3   % 

1-02% 

1-51% 

1-46% 

Aftei 

24   hours 

2-3(l'';, 

ir>ir.% 

I  •.-.3  % 

l-.'52% 

1  ■•'>1  % 

0-2   % 

,, 

3   weeks 

2 -is",,, 

1-22  ";, 

1-49  ";, 

1  -49"'„ 

1-49% 

,, 

I'        ,, 

2-23"o 

0-89    % 

1-475% 

1-49% 

1-49% 

•' 

23        „ 

1  -99% 

Nil 

1-35   % 

1-38% 

1-37% 

M  .   Hcxlffkiusoi)  and  T.    .1/.   Untc/iinso)!.  (»(>!• 

Kxi'KRIMKNT    will. 

5-1-1920. 
Tlic  >'fli'(i  1)/  luhhini  lime  befort'  anil  after  elec/rnh/sis. 

i; 


Volume  per  cell 

Anode 

Cathode 

Anode  current  density 

Current 

Brine 

CaO 

Saturated  solution  of  ■sodium  rosinate 

Any  other  addition 

Ampere  hours 

Theoretical  concentration  of  Av.  CI..; 

F'fliciency  ptr  cent 

Final  concentration  of  Av.  CI; 


iOOd  c.c. 


lOUO  c.c. 
I'laliniim   wire 


Platinum  wire 

Acheson      graphite 
1  I 

'i      .\      ni      p     c     r     p     s 
20  °'o  Sanibhar  .inlt   in  distilled  water. 


0-5  o/o 

Ml. 

Ml. 
22-20 

2-93   % 
Tlill 

2-23   % 

A  was  divided  into 
2  parts,  one  kept 
as  it  is,  to  the 
other  added  I  c.c. 
of  Kerosene. 


(Kept    in        the  cupboard    »t    rof  m 
temperature). 

Control  :    Kerosene. 


.Yi7. 

A  if. 

A' if. 
22-20 

2-93   % 
4.J-0.J 

1-32  % 

A.lded  0-5  %  CftO 
to  » 


Stahilih/. 
A  V.  CI  .  after  2  mont  hs 


2-18   % 


1-31    % 
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Bulk  1G. 

iy-G-i9]y. 

StdbiUty  at  different  temperatures. 


A 

11 

(' 

i> 

Volume  per  cell 

4  cells 

1200  c.c. 

Auode 

Plat 

i   n  u   m     F 

o  i  1  Gas   carbon,  14  mm 

Cathode 

14   nun. 

G     a     s 

carbon 

Anode  current  density 

1 

1 

1            (              1 

Current 

U  Amperes 

Brine 

2.5  % 

R     o 

c     k         salt 

CaO 

1% 

1% 

1% 

1% 

Saturated        solution        of 
sodium  rosinate 

0-1% 

0-1% 

0-1  %■ 

0-1% 

Any  other  addition 

O'G  grms. 

K^  CrO, 

Ampere  hours 

3G-4 

36-4 

36-4 

36-4 

Theoretical  concentration  of 
Av.  CI, 

4-0<'o 

■l-0'?o 

4-0% 

4-0% 

Efficiency  per  cent 

73-50 

(i4-50 

64-25 

55-0 

Final       concentration         of 
Av.  CI, 

2-94 

2-58 

2-57 

2-20% 

Mi 

Ked  A,  B,  & 

C.     2-68  % 

Divide 

1  into  3  part 
bottles 

s  and  put  in 

white 

A 

B 

C 

Room  temperature 

22°  C 

37°  C 

Exposed  to  light 

Incubator 

Incubator 

Slahilily. 

Available     Chlorine 
2  months 

after 

2-15% 

2-61% 

1-92% 

2-0% 

„        8J          „ 

1-50 

2-26 

0-2 

ir.   fli-nifjlinxo))  and  C.  M.   fl nfr/iiiiftnt}. 

lU'UK   Hi. 

Stabiliti/  al  diJjereiU  leinpenUures.  JO-O-li)  lo  JT-I-JO. 
Seo  ( iiivi-  I?. 


Oil 


Number  o(  days. 

Room  tcm|ieraluru 
OD  the  slicli. 
33-5  to  18"  C 

2;;"  (J 
Incubator 

;>7    (■ 

Incubator 

Per 

cent.   avniUbU- 

c'liluri  nc 

Initial 

2  tiS 

2-08 

2-(iS 

1 

2li4.'> 

2  (it) 

2<!3 

:j 

2-t;.-. 

2t>7 

2  63 

4 

2lJ4 

207 

2-00 

5 

2l>3 

2-68 

2-55 

S 

2(iO 

2-(>l> 

2-50 

10 

2 -SO 

2-71 

2-4!l 

12 

2-.')l> 

2-67 

2-43 

U 

2-.>3 

2  ■•).") 

2-39 

17 

2-4!t 

2li(> 

2-34 

20 

2-4II 

2«4 

2-28 

24 

2-44 

2(i4 

2-21 

26 

2-41 

2(;4 

217 

32 

2-37 

2(i4 

2-10 

:»4 

2-3li 

2-64 

209 

39 

2-38 

2-ti2 

2(11 

4.J 

2-23 

200 

1-91 

56 

2I.-. 

2-61 

1-91 

68 

2  0» 

261 

1-78 

77 

2111 

259 

1-73 

87 

104 

2  55 

1  •ti25 

113 

|-7il 

2-.-.5 

1-4II 

137 

1-73 

•2rA) 

112 

I.-.3 

162 

2-38 

tcjli 

1 8t> 

1  IM» 

2-3K 

241 

l-.-,(l 

2.-.0 

1  -.-/» 

2-2i> 

01 9 

312 

• 

1-34 

219 
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Bulk  22. 
14-8-1919. 
Comparison  oj  Acheson  Graphite  and  Platinum  as  Anodes. 


Volume  IKT  cell 
Anode 

Cathofle 

Anode  current  density 

Current 

Brine 

CaO 

Saturated  solution  of  sodium  rosinato     . 

Any  other  addition 

Ampere  hours 

Theoretical  concentration  of  A  v.  CI.,     . . 

Efficiency  per  cent 

Final  concentration  of  available  chlorine 


2000  c.c. 

2000  c.c. 

2800  c.c. 

Platinum 

Acheson 

Platinum 

wire 

graphite 

wire 

Acheson 

1 4  m  m .  gas 

14  mm.  gas 

graphite 

carbon 

carbon 

6  Amperes 

6  Amperes 

6  Amperes 

20  % 

Rock  salt  in 

tap  water 

1   % 

1    % 

1   % 

0-1% 

0-1% 

0-1% 

Nil. 

i\'il. 

.\il. 

55-33 

.55-3.3 

55-33 

3-6% 

3-6% 

2-61% 

00- 14 

02-78 

88-12 

2- 165% 

2-26% 

2-30  % 

Bulk  23. 
23-8-1919. 
Effect  oj  Potassium  Chromate. 


A 

B 

Volume  per  cell     . . 

1250  c.c. 

1250  c.c. 

Anode 

Acheson  graphite 

Acheson  graphite 

Cathode 

14mm  gas    carbon 

14mm.  gas    carbon 

Anode  current  density 

1 

1 

Current 

5   Amperes 

5   Amperes 

Brine 

20   %     Rock  sa 

It    in  tap   water 

CaO 

1    % 

1    °o 

Saturated  solution  of  sodium  rosinatc     . 

0-1    % 

0-1  % 

Any  other  addition 

A- (7. 

0-05  %  K.,CrO^ 

Ampere  hours 

2.548 

2-548 

Theoretical  concentration  of  Av.  CI., 

2-68 

2-68 

Efficiency  per  cent 

6-l(j 

7090 

Final  concentration  of   A  v.  CI. 

1-80    % 

1-90   % 

Stabiiil!/. 

Available   chlorine  after       1    month 

1-66   % 

1-86  % 

61    months     . . 

1-48   % 

rr.  Hr)d{jl-i'».<!on  and  C.  .V.  Jhifchinsnn. 
2.')-l-1919. 
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Efl'it  III  Carbon  and  Graphite  on  .'^lahiliti/. 

Jiiilk  1.  titnitins  2-40  |)er  cent  available  cJilorine  was  used  for 
testinp  the  eflfect  i>f  graphite.  About  200  c.c.  was  put  in  a  blue  bottle  ami 
about  1  ^TUi.  of  fiiraphite  pure  added.  Another  wa.s  kept  as  control. 
'Ft rat ioas  were  made  occasionally.     Both  were  kept  in  the  cuplyoard. 

I'Mitr..'.  (Jrapliitp. 


27th      .Januarv 

28th 

29th 

loth  Fc'  marv 


2-40  "„  I  2-36  % 

2-40  "'„  :  2-34  »„ 

2-40  %  I  2-34  % 

2'2n  "'  i  2"22  " 


To  compare  the  effect  of  carbon  on  stability,  to  a  portion  of  the 
electrolysed  brine,  some  carbon  shavings  from  electrode  (gas  carbon) 
were  adde<l  and  kept. 

After  24  hours  the  following  were  the  concentration: 
Control  ..  ..     2-09%Cl2 

Carbon  . .  . .     085  %  after   24  hours 

Do  ,.  ..     U-5    %      „      48      „ 

0-26  %      „       3    days 

10-9-1919. 

Ejffect  of  dilution  on  Stability. 

A  .sample  of  E.  C.  5  days  old  and  titrating  1'86  per  cent  Clj  was 

divided  into  2  part.s,  one  was  kept    in  a   green  bottle  as  it  Ls  ;  to  the 

other  was  added   an   equal   amount   of  distilled    water  and  kept  in  a 

green  bottle.     The  "  dilute  "  one  titrated  094  per  cent. 


.stl■(>ll^■. 


lOtb   .September 

0-94 

1-80 

llth 

0-91 

1-84 

12th 

0!t2.'. 

1  -s.-, 

16th 

0-92 

1-84 

18th 

Oltl 

1  -s.-i 

2.'>th 

lAHavo 

0-92 

|-!» 

'i.h   Januarv 

120     „ 

0 'Oil 

.'ith    March 

180     .. 

(IHtJ 

i:iii 

J,  MB 
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Note  on  the  term  '  Available  Chlorine '  hij  Mr.  W.  A.  Davis. 
The  term  '  available  chlorine '  Ls  a  conventional  one  which  was 
originally  introduced  in  connection  with  the  bleaching  value  of  bleaching 
powder  and  bleaching  liquors  like  Eau  de  Javelle  (potassium 
or  sodium  hypochlorite).  It  is  always  defined  as  the  weight  of 
chlorine  which  is  cliemically  equivalent  to  the  nascent  oxygen  which 
it  can  fiiruish  (see,  for  example,  Clowes  and  Coleman,  11th  Edn. , 
p.  161). 

In  good  bleaching  powder  containing  40  percent  of  available  chlorine 
which  is  supposed  to  correspond  with  the  composition  2  CaOCl2,  Ca(0H)2, 
the  whole  of  the  chlorine  becomes  available  for  oxidising  purposes,  on 
treatment  with  acid. 

2  CaOCU,  Ca(0H).,x3  112^04=2  CI. +3  CaSO^+i  HoO 
The  oxidising  value  is  2  CI2+2  HiO=4  HCI  +  O2 

so  that  Oo=2  CI2 
The  ordinary  solutions  for  analysis  are  made  on  this  assumption. 
Arsenite     AS2O3+2  (active  chlorine)  CI2  +  2   H2O 
=  AS2O5  +  4  HCl 
AS2O3  =  2  CI2  =  O2 
The  decinormal  solution  of  arsenite  is  made  so  that 
1  litre  =  I'lO  '  available  chlorine  '  atom 

=  3'.545  grams  available  chlorine 
1  c.c.  =  0-003545  gram  CI. 
Since  AvS203=4  CI,  the  litre  of  N/10   arsenite  solutions  contain 

AS„<),  _  198         ,  nK  no  rv 

-43^  —  4^  =  4-95  grams  pure  AS2O3 

With  the  iodide-starch  method    CI2  +  2   KI=2  KCI  +  I2  and  I2  + 

2  Na2S203=Na2S40Q+2  Nal 
1     Utre      N/10     NaoSgOs,    5     H20=l  10=12-692    grams     iodine 

=24-82  grams  NaoS^Os,  5  HoO 
1  c.c.  of  this  solution  =0-01 26  grams  iodine 

=0-003545  grams  available  chlorine. 

In  the  case  of  good  bleaching  powder  the  available  chlorine  is  the 

tvhole  of  the  chlorine  present.     But  with  sodium  hypochlorite  solutions 

we  have  the  oxidising  value  NaOCl=NaCl  "^^^  and  the  available  chlorine, 

which  is  calculated  from  the  oxidismg  powder,  is  twice  the  actual  chlorine 

present  in  the  molecule,  since  the  oxidismg  value  O2/2—-CI2  (from  the 

equation  CI2 +HoO=HCl  +  O2/2.) 

If  the  available  chlorine  is  determined  by  the  arsenite  method  or 

i  odide  method,  1  c.c.  N  10  Eolution=0-003545  grams  CI,  which  is  based 
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on  the  oxidising  viilue  iindthc  amount  of  available  chlorine  Is  twice  the 
actual  chlorine  jin^sent  in  the  .VnO(7. 

Wliat  is  detenuined  is  not  the  actual  chlorine  but  twice  this  value 
which  expresses  its  oxidisiag  power.  This  Ls  the  value  which  must  be  used 
in  measuring  the  disinfection  effect.  In  Metcalf  and  Eddy's  Americau 
Sewage  Practice  thus  Ls  clearly  stated  (Vol.  II,  p.  761). 

'  Each  molecule  of  hypochlorous  acid  contain-s  one  atom  of  chlorine 
and  one  of  o.xygen  and  as  an  atom  of  oxygen  has  twice  the  combining 
jx)wer  of  the  chlorine  atom  it  follows  that  the  o.xidising  power  of  the 

compound  is  twice  as  great  as  its  chlorine  content The  words 

•  available  chlorine  "     simply  coastitute  a  term  by  which  is  expressed 
the  power  of  the  compound  to  oxidise  or  disinfect.' 

Metcalf  and  Eddy's  statement  '  If  a  given  sample  of  bleaching  i>ow- 
der  contains  20  per  cent  of  chlorine  in  the  form  of  calcium  hypochlorite 
its  potency  Is  double  this  and  therefore  it  is  said  to  contain  40  per  cent  of 
available  chlorine  though  in  reality  it  does  not,  may  lead  to  mi.sinterpreta- 
tion.  Actually  the  weight  of  available  chlorine  in  good  bleaching  powder 
corresponds  with  the  whole  of  its  chlorine.  (See.  for  example,  Cowes  and 
Coleman,  p.  161.)  This  is  because  in  bleaching  powder  the  compound 
present  is  not  hypochlorite  Ca  (OClj),  but  CaOClj.  If  it  were  hj^pochlorite 
the  oxidising  value  would  be  double  as  great 

Ca  (Oa)2=Caa.  4  0,.  CaOCl=Can.+  '|i 
In  connection  with  electrolj-tic  liquors  consult  Lunge  Keane 
■  Technical  Methods  of  Chemical  .iVnalysLs,'  Vol.  I,  Part  1,  p.  .009,  et  seq. 
The  presence  of  free  hypochlorous  acid  has  to  be  taken  into  account  on 
which  the  exceptionally  great  bleaching  value  of  electrolytic  liquors 
depends.  Note  the  statement  that  '  insoluble  substances  such  as  zinc 
oxide,  Calcium  Hydroxide  may  be  taken  as  without  action  on  hypochlo- 
rous acid.'  ThLs  suggests  that  suspended  slaked  lime  neutmlLses  hypo- 
chlorous acid  ver}'  slowly.  The  methods  of  analysis  for  free  hypochlorous 
acid  are  given.  The  reference  given  to  James  and  Uichey,  J.  Amer. 
Chem.  Soc.  1902,24,  169.  for  met ho<ls  of  analysis  in  electrolytic  works 
may  be  useful. 

Copy  of  a  letter  No.  3349,  dated  the  14th  May.  1919,  from  the 
Director,  Bombay  Bacteriological  laboratory,  Parel,  Bombay,  to  the 
Assistant  Director-General,  Indian  Medical  Service  (Stores),  Simla. 

With  reference  to  your  No.  96-1139-1-19  of  February,  1919,  and  in 
continuation     of    yesterday's  telegram   re  Hutchinson's    Hypochlorite 
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solutioa,  I  have  the  honour  to  give  in  the  followmg  table  the  results  of 
weekly  exammation  : — 


Peecentaoe  of  available  chlorine  in  the 

bottle,  kept 

I)at<>  of  estimation  of  the  avail- 
able chlorine. 

In  the  light. 

In  the  dark. 

27-3-19.. 

3-4-19  .. 
10-4-19  .. 

17-4-19  ..                  -                 - 
24-4-lfl  . . 

1-5-19  .. 

8-5-ia  .. 

2-234 
2-20.-) 
2-17!) 
2-165 
2-123 
2-045 
1-973 

2-284 
2-279 
2-272 
2-264 
2-251 
2-2.''0 
2-U'4 

From  the  above  results  it  will  be  seen  that  in  six  weeks  '  time  the 
sample  exposed  to  light  has  deteriorated  in  its  available  chlorine  content 
by  ir7  per  cent,  while  that  kept  in  the  dark  by  a  little  less  than  4  per 
cent. 

Bacteriological  examination  was  not  done,  as  the  efficiency  of  such 
preparations  depends  solely  on  the  quantity  of  available  chlorine 
contained  therein. 


I  have  had  some  experiments  made  with  the  electrolytic  chlorogen 
you  supplied,  of  which  I  should  give  you  the  results.  In  regard  to 
efficiency,  you  will  see  from  the  tables  in  the  file,  that  it  readily  eliminated 
pathogenic  organisms  added  to  tap  water  as  an  artificial  contamination, 
but  that  it  does  not  eliminate  spore  bearing  organisms  in  a  naturally 
contaminated  water.  There  is,  of  course,  nothing  new  in  these 
observations,  which  were  carried  out  for  my  own  edification,  but  it  may 
interest  you  to  know  that  the  loss  of  available  chlorine  in  3  months  and 
6  days  was  only  O'lS  per  cent  from  a  bottle  left  on  the  bench,  exposed 
to  dayUght,  and  to  frequent  handling.  I  have  made  no  observations 
on  its  behaviour  at  plains  temperature. 


(Sd.)    T.     C.    MCCOMBIE     YOFNG. 

nth  September,    1918.  Sanitary  Commissioner,  Assam. 
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Experiment  1.     17tu  August,  1918. 
Sample  So.  10.  River  water  sample. 

1.  Con/rol. 

1  c.c.  of  river  w-ater  plated  <>a  agar  ;  incubated  overnight  at 
:}7  °C  ;  colouiea  iuaumerable. 

2.  1  in  20,000  diludon  E.  C.  Xo.  10. 

39  c.c.  tap  water  pluj  1  c.c.  E.  C.  No.  10  equals  1  in  40  dilution 
1  c.c.  of  1  in  40  dilution  plu.s  499  c.c.  of  river  water ;  equals 

1  in  20,000  dilution. 
Contact  half  hour  at  room  temperature. 
1  c.c.    plated  on  agar  ;  incubated  overnight  at  37°  C. 
Result :  no  colonies. 

3.  1  in  40,000  dilution  E.  C.  Xo.  10. 

5  c.c.  of  above  1  in  40  dilution  plus  5  c.c.  tap  water  equals  1  in 

80  dilution. 
1  c.c.  of  1  in  8<.>  dilution  plus  499  c.c.  river  water  fequals  1  in 

40,000  dilution. 
Contact  half  hour  at  room  temperature. 
1  c.c.  plated  on  agar ;  incubated  overnight  at  37^  C. 
Result  :  no  colonies. 

Experiment  2.     17th  August,  1918. 
E.  C.  sample  Xo.  33.  Same  river  water  sample. 
1.  DiltUion  1  in  20,000  E.  C.  Xo.  33. 

39  c.c.  tap  water  plas   1  c.c.   E.  C.  Xo.   33  equals  1   in  40 

dilution. 
1  c.c.  of  1  in  40  plus  499  c.c.  of  river  water  sample,  equals  1  in 

20,000  dilution. 
Contact  half  hour  at  room  tem[)erature. 
1  c.c.  plated  on  agar.     Inculxited  overnight  at  37°C. 
liesult :  no  colonies. 
2.  E.  C.  Xo.  33.  Dilution  1  in  40,000. 

5  c.c.  of  above  1  in  40  dilution  plai  -j  c.c.  tap  water ;  oquab  1 

in  80  dilution. 
1  c.c.  of  I  in  80  dilution  plus  499  c.c.  of  rivtr  »vater  ;  ccjuala  1 

in  40,000  dilution. 
Contact  hall  hour  at  room  tcm[)CRiturc. 
1  c.c.  plated  on  agar ;  incuUUefl  overnight  at  j7'  C 
Ivcsult  :  no  colonics. 
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3.  Dilution  1  in  40,000  E.  C.  No.  33. 

5  c.c.  of  above  1  in  40  dilution  plus  5  c.c.  tap  water  ;  equals  1 

in  80  dilution. 
1  c.c.  of  1  in  80  dilution  plus  499  c.c.  of  above  B.  coli  emulsion ; 

equals  1  in  40,000  dilution. 
Contact  half  hour  at  room  temperature 
1  c.c.  plated  on  agar  ;  incubated  overnight  at  37°  C. 
llesult :  no  colonies. 

Experiment  3.  22nd  August,  1918. 

Water  J  ram  river  UmSusum  in  which  a  laboratory  culture  of  B.  coli  has 
been  emulsified. 

E.  C.  sample  No.  10. 

1.  Control. 

1  c.c.  of  B.  coU  emulsion  plated  on  agar ;  mcubated  overnight 

at  37°  C. 
Result :  colonies  innumerable. 

2.  Dilation  1  in  20,000.  E.  C.  No.  10. 

1  c.c.  of  E.  C.  No.  10  plus  39  c.c.  tap  water ;  equals  1  in  40 

dilution. 
1  c.c.  of  1  in  40  dilution  plus  499  c.c.  of  the  above  B.  coli 

emulsion  ;  equals  1  in  20,000  dilution. 
Contact  half  an  hour  at  room  temperature. 
1  c.c.     plated     on    agar ;    incubated    overnight   at    37°C. 
Result  :  4  colonies.  (4) 

3.  Dilution  I  in  40,000.  E.  C.  No.  10. 

5  c.c.  of  above  1  in  40  dilution  plus  5  c.c.  tap  water  ;  equals  1 

in  80  dilution. 
1  c.c.  of   1  in  80  dilution  plus  499  c.c.  of  above  B.  coli 

emulsion ;  equals  1  in  40,000  dilution. 
Contact  half  an  hour  at  room  temperature. 
1    c.c.    plated    on    agar    ;    incubated  overnight  at  37"    C. 
Result  :  34  colonies. 

Experiment  4.  22nd    August  1918. 
E.  C.  sample  No.  33.  »Sa/»e  B.  coli  emulsion  as  above,  in  river  water. 
1.  Lilution  1  in  20,000  E.  C.  No.  33. 

1  c.c.  of  E.  C.  No.  33  plus  39  c.c.  tap  water  ;  equals  dilution  1 
in  40. 
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1  c.c.  of  1  in  40  dilutioQ  pliis  499  c.c.  of  above  B.  coli  emulsion  ; 

equals  1  in  20,000  dilution. 
Contact  half  an  hour  at  room  tempeniturc. 
1  c.c.     plated     on    agar ;    iixcubatcd    overnight     at  37°  C. 
Result  :  no  colooieis. 
2.  Dtlution  1  in  40,000.  E.  C.  No.  33. 

5  c.c.  of  above  lin  40  dilution  plus  5  c.c.  tap  water  ;  equals 

1  in  80  dilution. 
1  c.c.    of    1   in   80   dilution  plus  499  c.c.  of  above  B.  coli 

emulsion  ;  equals  1  in  40,000   dilution. 
Contact  half  an  hour  at  room  temperature. 
1  c.c.  plated  on  agar  ;  incubated  overnight  at  ST'C. 
Result  :  no  colonies. 


THE     RELIABILITY     OF     GATE     AND 

PAPACOSTAS'     FORMOL-GEL    TEST 

FOR  SYPHILIS  AS  COMPARED 

WITH  THE  WASSERMANN 

REACTION. 


BY 

S.  RAMAKRISHNAN,  l.m.  A:  s., 

Civil  Assistant  Siiryeon  attached  to  the  King  Instititte,  Madras. 

(From  the  King  Institute  of  Preventive  Medicine,  Guindy,  Madras.) 

•     '  [Received  for  publication,  June  11,  1921.] 

In  the  Comptes  Rendus  des  Seances  de  la  Societe  de  Biologie  for 
November  20th,  1920  (an  abstract-  of  which  appeared  in  the  British 
Medical  Journal  for  January  15th,  1921)  Gate  and  Papacostas' 
describe  a  new  test  for  syphilis  which,  if  proved  to  be  reliable  under  all 
conditions,  would  be  of  very  considerable  value  in  the  diagnosis  of  the 
disease  on  account  of  its  extreme  simplicity  and  the  rapidity  with 
which  it  can  be  performed. 

The  test  consists  in  the  addition  of  a  small  quantity  of  formalin  to 
the  suspected  serum.  Two  drops  of  the  reagent  are  added  to  1  c.c.  of 
the  serum  and,  after  shaking,  the  mixture  is  left  for  24  to  30  hours.  The 
results  are  then  read.  A  positive  reaction  is  denoted  by  the  formation 
of  a  more  or  less  solid  gel.  A  serum  which  is  negative  remains  fluid. 
The  authors  claim  that  the  test  has  given  them  85  per  cent  of  agreement 
when  compared  with  the  Wassermann  reaction  and  that,  in  those  cases  in 
which  the  two  tests  disagreed,  they  were  uncertain  which  result  was 
the  more  accurate. 
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In  the  face  of  these  results  it  ap|>6Are(l  desirable  that  the  test  should 
be  further  investi]i;ate<l  with  a  \-ic\v  to  asceit«iiiiu;;  whether  such  a  high 
j)ercenta«;e  of  aj;r»'eineut  could  be  corroborateil  ami  whether  the  cases  of 
disa^reemeut  could  bo  liniitcd  to  any  [Mirticular  type  of  the  disease  as 
definetl  by  the  Wasseniiarm  reaction. 

With  this  end  in  new  the  blood  of  all  cases  which  ha\e  been  sent 
to  this  laborator\-  for  a  diajjuosis  of  syphilis  have  been  tested  by 
both  methmls.  Xo  selection  as  to  any  jiarticular  type  of  case  has 
been  made.  The  only  criterion  by  which  the  suitabihty  of  each  case 
has  been  <;auge<l  has  been  the  suliiciency  of  serum  for  both  testn.  In 
this  way  539  sera  from  all  sources  have  been  examinetl.  The  particular 
modification  of  the  Wasserniaiin  reaction  which  has  been  employed  is 
that  describe<l  by  the  Medical  Research  Council  (with  one  or  two  minor 
mwlificatioas)  in  which  varviu;;  doses  of  complement  are  titrated  with  a 
fi.xetl  quantity  of  amboceptor.  This  method  has  now  been  in  use  at  the 
King  Institute  for  over  two  years  and  has  always  given  consistent 
results 

In  a  considerable  number  of  cases  the  reqtiisite  ipiantity  of  serum 
laid  down  by  the  authors  (1  c.c.)  was  not  available  after  the  amount 
required  for  the  W'asserinann  test  had  been  deducted.  The  cases  have, 
therefore,  been  di\'ided  into  two  series  according  to  the  treatment  thev 
have  received.  In  the  first,  the  e.xact  proportion  of  formalin  to  senim 
given  by  the  authors  has  been  adhered  to  (i.e.,  a  1  in  H-.")  dilution,  taking 
1  drop  as  tlie  equivalent  of  1  minim  and  1  c.c.  as  17  minims)  and 
the  reagents  have  been  measured  by  volume  by  means  of  a  Wright's 
pipette.  In  the  second  series  the  measurement  has  not  been  quite  so 
accurate.  The  .serum  has  been  measured  and  1  or  '2  (lrr)])s  of  formalin 
have  be<»n  added  according  as  the  quantity  of  serum  ap|)ioacIu'd  0'5  or 
1  c.c. 

The  rt^sults  obtained  with  tlie  two  series  of  cast's  are  given  in  Tables  I 
and  II  and  the  combiiuition  of  the  two  m  Table  IIL 
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Table  I 
Showinq  a  comparison  between,  the  results  obtained  with  the  Wassermann 
and  Jonnol-gel  tests  in  the  first  series  of  cases. 


Wassermann  reaction. 

i'OIlllOL-OEL  REACTION 
No.  OF  CASES      IN 

M.H.D. 

of 

Complemeat. 

No. 

of 

cases. 

Agreement    Disagreement. 

aoreeuem. 

POSITIVE , 

8 
5 
3 

36 

27 
24 

24                      12 
18                        9 
11                       13 

66-6 
66-6 

45-8 

Total 

87 

53                      34 

61-1 

NEGATIVE 

113 

68                      45 

60-1 

Total 

200 

121                       79 

1 

60-7 

Table  II 

Showing  a  comparison  between  the  results  obtained  ivith  the  Wassermann 
and  jormol-gel  tests  in  the  second  series  of  cases. 


Wassermann  reaction. 

FoRMOL-GEL  REACTION 
No.  OF  CASES   IN 

Pekoentaoe  of 
agreement. 

M.H.D. 

of 

Complement. 

S 
5 
3 

No. 

of 

cases. 

58 
49 
43 

Agreement. 

Disagreement 

POSITIVE 

45 
35 
30 

13 
14 
13 

77 

71-5 

70 

Total 

150 

110 

40 

73-3 

.NEGATIVE 

189 

129 

60 

68 

Total 

339 

239 

100 

70-5 

<S.  l\aiinikiiiilinait. 
Table  III 
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^liotoing  a  comparison  beiicecn  (lie  results  oblatwd  with  the  Wasscrnuinn 
and  Jonnd-gel  tests  in  tico  series  of  awes  a>mhinetl. 


l-UHMOl-UEL  KEALTlliN 

WAsStilMA-SN    UtACrluN. 

Ho.  ot  OASES    IN 

H.U.D. 

of 

Complement. 

No. 

of 

cases. 

Agreement. 

Disagreement. 

AOHEEMKNT. 

8 

04 

09 

25 

73-4 

HIVE 

5 

7« 

o3 

23 

tiU-8 

3 

67 

41 

2ti 

61-2 

lorAL 

237 

163 

74 

68-8 

\EGAT1VE 

302 

197 

105 

SS-2 

Total 

.... 

539 

360 

179 

666 

The  sera  have  been  divided  according  as  they  gave  a  positive  or 
negative  Wassermann  reaction  and,  in  the  former  case,  according  to  the 
number  of  minimum  htemolvtic  doses  of  complement  they  were  capable 
of  de^^ating.  The  results  of  the  formol-gel  reaction  are  stated  according 
as  they  have  been  found  to  be  in  agreement  or  disagreement  with  those  of 
the  Waasermann  reaction  and  a  percentage  of  agreement  has  been  struck 
in  each  case. 

It  will  be  seen  that  the  test  has  not  given. the  good  results  claimed 
for  it  by  its  authors  in  the  present  series  of  cases.  The  percentage  of 
agreement  in  the  first  series  Is  only  60' 7  and  in  the  second  705,  giving  an 
average  of  666.  Further,  even  under  the  most  favourable  circuiastances 
when  the  serum  has  de\'iated  the  highest  number  of  niinimum  h.Tmolytic 
doses  and  where  presumably  the  syphilitic  amboceptor  is  present 
in  quantity,  the  formol-gel  test  has  not  succeeded  in  showing  more  than 
73' i  per  cent  of  cases  detected  by  complement  deviation. 

Under  these  circumstances  the  test  cannot  be  considered  sufliciently 
accurate  to  be  used  as  a  reliable  substitute  for  the  more  complicated 
Wassennann  reaction,  for  a  test  which  misses  30  percent  of  marked  cas<a. 
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cannot  compete,  even  on  the  grounds  of  simplicity,  xnth  one  that  gives 
over  90  per  cent  of  success  in  cases  of  the  same  type. 

In  the  less  pronounced  reactions  the  results  are  still  more  divergent. 
In  this  case,  however,  the  infallibility  of  the  Wassermann  test  cannot  be 
claimed  wnth  nearly  so  much  certainty,  and  reference  to  other  factors, 
such  as  the  clinical  evidence,  would  be  ad\asable  before  a  satisfactory 
opinion  on  the  matter  could  be  given.  This  further  investigation  has 
not  been  considered  necessary,  however,  in  view  of  the  comparatively 
high  rate  of  discrejDancy  already  noted  between  the  two  reactions  in 
pronounced  cases  of  the  disease. 

Conclusions. 

Gate  and  Papacostas'  formol-gel  reaction  has  been  tested  \\ith  the 
sera  of  539  cases  sent  for  the  diagnosis  of  syphilis  against  the 
Wassermann  reaction  and  the  two  tests  have  been  found  to  agree  in  only 
66'6  per  cent  of  cases. 

In  the  sera  which  have  deviated  8  M.H.D.  of  complement  and  which 
presumably  came  from  well  marked  cases  of  the  disease  the  percentage  of 
agreement  was  only  73  4  per  cent. 

The  test  cannot  therefore  be  considered  sufficiently  reliable  to  take 
the  place  of  the  Wassermann  reaction. 

I  express  my  grateful  thanks  to  Major  J.  Cunningham,  m.u.,  i.m.s., 
Director  of  the  King  Institute,  for  his  valuable  help  during  the  progress  of 
these  tests. 
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Ix  the  Mi'sopotaniian  Expeditionary  Force  were  several  thousand 
Chine.-f  iirtificer.s  and  labourers,  some  hundreds  of  whom  were  attaeked 
with  beriberi  in  the  years  1917  to  1919.  An  accoimt  of  this  disease  in 
Mesopotamia  amongst  Chinese,  British  and  Indians  has  been  given 
by  the  writer  in  another  paper.' 

It  suffices  here  to  say  that  many  of  the  Chinese  in  Mesopotamia 
appeared  to  be  suffering  from  '  latent  beriberi,'  and  they  were  liable  to 
show  the  well-known  cardio-neurotoxic  syndrome  as  a  result  of  any 
immediate  depressing  influence.  This  exciting  cause  was  usually 
fatigue,  over  long  hours  of  work,  or  concurrent  illness,  such  as  malaria  or 
influenza. 

The  prcdi.sposing  cause  of  their  abnormal  condition  was  perhaps 
long  continued  dietetic  deficiency  in  their  own  country  or  a  previous 
attack  of  the  disease. 

.Vmongst  the  hundreds  of  Chinese  beriberi  cases  the  cardiac  signs 
were  more  carefully  investigated  in  62  and  this  brief  paper  is  on  the 
results  of  this  investigation. 

For  instance,  amongst  these  62  cases  in  27  the  knee-jerku  were 
present,  in  18  they  were  notably  increased,  and  in  17  they  were  absent. 
In  this  connection  it  may  be  said  that  examination  of  a  supjH>sedly 
healthy  body  of  Chinese  labourers  will  show  that  some  are  without  the 
knec-j.rk,  <viili>nri-  presumably  of  the  abnormal  '  latent  beriberi  ' 
condition  in  which  many  Chinese  of  this  cla.ss  habitually  live. 
(     620     ) 
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Eight  of  the  cases  showed  no  anaesthesia  of  the  legs,  or  elsewhere  ; 
in  2  the  determination  was  doubtful  :  in  42  anaesthesia  usually,  patchj,- 
of  the  legs,  was  present  :  and  in  8  cases  the  anaesthesia  was  a  prominent 
feature. 

Forty-two  cases  showed  no  deep  tenderness  on  pressure  of  the  calf 
or  thigh  muscles,  in  6  the  determination  was  doubtful,  and  in  14  the 
sign  was  present. 

Fourteen  cases  had  no  oedema,  in  2  its  presence  in  slight  amount 
was  doubtful,  in  18  there  was  definite  oedema  and  in  8  cases  the  oedema 
was  a  prominent  feature  of  the  disease.  The  oedema  when  present  in 
moderate  degree  was  over  the  shins,  especially  in  their  lower  part.  The 
feet  were  usually  affected  later. 

More  attention  will  now  be  paid  to  the  circulatory  signs,  although  it 
was  not  for  those  the  patient  as  a  rule  sought  admission.  He  nearly 
always  complained  of  weakness  of  the  legs,  only  occasionally  of 
shortness  of  breath. 

The  pidse  rate  of  the  62  cases,  taken  with  the  patient  lying  down, 
varied  from  52  to  126  per  minute,  the  average  being  84  on  admission. 
Amongst  those  who  were  able  to  stand  the  pulse  rate  on  standing  varied 
from  8()  to  132,  the  average  being  1U7. 

Thirty-two  of  the  62  patients  were  noted  as  showing  abnormal 
cardiac  signs.     At  the  time  of  admission  these  were  noted  as  follows  : — 


Dilatation  of 
heart  and 


Systolic  innrimir  at  aortic         area 
,,         „  mitial  ,, 

,,   pulmonary    ,, 
„         ,,  tricuspid        ,, 

,,  mitral  and  tricuspid  area 
„  over  whole  cardiac        „ 

Dilatation  of  heart 

Diffuse  impulse    . . 

Accentuation  of  pulmonary  second  sound 

Prolongation  of  first  sound     . . 

Very  forcible  beat 

Tachycardia  without  other  sign 


It  appears  that  the  commonest  abnormality  is  dilatation  of  the 
heart,  usually  more  pronounced  on  the  right  side,  and  sometimes  accom 
panied  by  signs  of  tricuspid  regurgitation.  The  e'S'idence  of  dilatation 
was  obtained  by  percussion  and  by  noting  the  position  of  the  apex  beat. 
The  cases  were  not  viewed  through  the  screen. 
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The  dilatation,  however,  was  by  no  moans  always  right -sided  only 
or  more  evident  on  that  side.  Some  of  these  cases,  had  they  occurred  in 
British  or  Indian  troops,  woiJd  certainly  have  been  returned  under  that 
too  comprehensive  heading  'Disorderly  action  of  the  Heart.'  The  fact 
that  the  men  were  Chinese  rendered  further  examination  advisable 
resulting  lUiually  in  the  detection  of  some  other  feature  of  the  beriberi 
syndrome.  Eveji  if  no  other  feature  of  beriberi  were  discoverable  it  is 
probable  that  cardiac  dilatation  and  tachycardia  in  a  Chinese  labourer 
would  be  of  beriberi  nature. 

Myocardial  involvement  in  beriberi  has  long  been  recognised  and 
it  is  now  generally  considered  that  heart  failure  in  this  disease  is  due 
to  direct  affection  of  the  heart  muscle  much  more  thaji  to  any  degenera- 
tive process  in  the  vagus  nerves. 

Herzog*  writes  in  Osier  and  Macrae's  System  of  Medicine  :  '  The 
myocardium,  as  a  whole,  is  hypertrophied  ;  this  is  usually  most  marked 
in  the  right  ventricle,  but  the  left  may  likewise  be  enlarged.  The  right 
ventricle  in  particular  is  generally  not  only  hypertrophied,  but  also 
markedly  dilated,  so  that  a  relative  insufiBeiency  of  the  tricuspid  valve 

is  present The  myocardium  may  be  normal,  but  quite  frequently 

it  is  found  to  be  more  or  less  cloudy  and  mottled  in  consequence  of 
diffuse  fatty  degeneration.' 

Yamagiwa'  mentions  first  amongst  the  most  important  mi»rbiil 
changes  'Dilatation  and  hypertrophy  of  the  right  ventricle  and  dilata- 
tion of  the  left  ;  fatty  metamorphosis  of  the  myocardium.' 

It  would  appear,  therefore,  that  ca.ses  of  beriberi  are  peculiarly 
suitable  for  examination  by  the  differential  stethoscope  and  from  tw«> 
points  of  view  :  one  is  to  test  the  value  of  the  information  that  this 
stethoscope  can  give  us  and  the  other,  if  we  find  the  information  given 
trustworthy,  to  make  it  a  basis  of  prognosis  and  occasionally  of 
treatment. 

Leyton's  stethoscope  possesses  a  sound-box  with  a  needle-valve, 
the  screwing  down  of  which  lessens  the  aperture  through  which  the 
sound  may  pass,  in  the  same  way  as  the  needle-valve  in  a  carburettor 
may  lessen  the  intake  of  petrol.  The  valve  is  connected  to  a  gra<luate(l 
dial  so  that  the  relative  area  and  therefore  the  relative  amount  of 
sound  allowed  by  the  various  positions  of  the  needle  may  be  read.  It  is 
claimed  that  the  intensity  of  the  first  heart  sound  at  the  apex  should 
be  in  a  healthy  person  double  that  of  the  second  heart  sound  at  the 
aortic  area.     A  lessening  of  that  ratio  indicates  myocardial  weakness  ; 
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if  the  ratio  be  less  than  1*5  to  1  the  interpretation  is  said  to  be  grave 
myocardial  debility.  That  this  is  so  can  be  verified  by  examining  a 
patient  towards  the  end  of  an  attack  of  enteric  fever  or  similar 
disease  when  the  myocardium  is  obviously  weak.  It  is  another 
question  however  whether  this  differential  stethoscope  can  give 
information  that  we  cannot  obtain  otherwise,  by  direct  observation 
and  by  the  ordinary  stethoscope. 

Of  the  above  62  cases,  55  were  examined  by  Leyton's  differential 
stethoscope.  The  remaining  7  were  unsuitable  for  such  examination  ; 
because  they  showed  cardiac  murmui's.  Seven  others  it  is  true  also 
showed  murmui's  on  admission,  but  in  those  the  murmurs  disappeared 
shortly  under  treatment  by  rest  in  bed  and  so  permitted  of  their 
examination. 

These  55  patients  were  examined  therefore  with  the  differential 
stethoscope  and  the  readings  compared  with  those  obtained  from  11 
apparently  healthy  Chinese  of  the  same  class. 

Amongst  the  55  patients  the  average  ratio  of  the  first  sound  at  apex 
to  second  somid  at  base  was  r6  to  I'O.  In  36  cases  the  ratio  was  under 
the  normal  2  to  1  ;  in  17  cases  the  ratio  was  imder  1-5  to  1. 

Amongst  the  eleven  apparently  healthy  Chinese  a  difficulty  arises 
about  one  case.  This  man,  a  hospital  cook,  gave  an  apex  reading  of  2'6 
and  a  base  reading  of  3-U.  The  ratio  therefore  in  this  case  was  less  than  1 
to  1,  and  the  man  should  have  suffered  from  grave  myocardial  debility. 
He  was,  however,  apparently  healthy  and  complained  of  nothing  :  his 
subsequent  history  is  not  known.  If  this  case  be  included  amongst  the 
healthy  the  average  ratio  of  the  eleven  was  1'9  to  1.  If  the  case  of  the 
cook  be  excluded  the  average  ratio  of  the  remaining  ten  was  2'2  to  1"  0 
Excluding  the  cook  only  one  other  case  showed  a  ratio  of  under  2  to  1 
and  none  a  ratio  of  under  1-5  to  1. 

The  deduction  therefore  is  that  the  beriberi  cases  as  a  class,  whether 
showing  cardiac  signs  or  not,  do  exhibit  evidence  of  myocardial 
degeneration  by  the  differential  stethoscope,  the  ratio  of  the  beriberi 
cases  being  1-6  and  of  the  healthy  about  2-0. 

The  question  whether  the  differential  stethoscope  can  aid  us  in 
the  prognosis  of  any  indi^^dual  case  of  beriberi  is  more  difficult.  One 
must  leave  statistics  here  and  rely  on  one's  personal  clinical  impression. 
An  estimate  of  the  number  of  days  spent  in  hospital  by  each  patient 
taken  into  relation  with  his  differential  stethoscope  ratio  would  be  of 
no  avail  for  two  reasons  :  firstly,  because,  after  recovery  from  cardiac 
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signs  the  patietit  may  remain  in  hospital  for  neurotoxic  signs,  and 
secondly  because  it  was  the  correct  policy  to  evacuate  these  beriberi 
cases  from  the  expeditionary  force  as  soon  as  possible,  so  that 
the  complete  history  of  many  was  unknown  to  the  physician  in 
Mesopotamia. 

The  writer's  impression  is  that  the  differential  stethoscope  was 
of  some  aid  in  estimating  the  amoimt  of  myocardial  debility  in  these 
cases  and  in  forming  a  prognosis. 

Usually  one  could  arrive  at  a  similar  conclusion  from  other  data  ; 
but  in  some  cases  the  additional  evidence  afforded  by  the  differential 
stethoscope  gave  one  further  confidence  iji  one's  conclusions.  Further  as 
regards  treatment  the  conclusion  arrived  at  in  some  cases  prompted  the 
medical  officer  to  keep  the  patient  longer  in  bed  than  might  otherwise 
have  been  the  case.  Since  all  beriberi  cases  were  evacuated,  the 
differential  stethoscope  cannot  be  said  to  have  exercised  any  influence 
on  the  ultimate  disposal  of  cases. 

Conclusions. 

(1)  About  half  the  number  of  these  Chinese  beriberi  cases  showed 
on  admission  some  cardiac  abnormality,  which  was  usually  slight  enough 
to  disappear  shortly  after  treatment  by  rest  in  bed. 

(2)  There  was  distinct  evidence  of  myocardial  debility,  as  shown  by 
the  differential  stethoscope  in  beriberi  cases. 

Both  sides  of  the  heart  may  be  affected,  the  right  UHually  somewhat 
more  than  the  left. 

(3)  The  use  of  the  differential  stethoscope  was  sometimes  of  aid 
in  prognosis  and  treatment. 
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In  a  paper  read  before  the  Indian  Science  Congress,  January  1920, 
I  made  a  reference  to  the  occurrence  and  utility  of  grappling  tail- 
hooks  in  anopheline  larvae  including  those  of  A.  ste/phensi,  hyrcanus 
(sinensis)  and  fuliginosus*  Prior  to  this  there  has  been  no  reference 
made  to  the  presence  of  hooks  in  the  setae  on  the  ninth  segment 
of  the  abdomen.  In  the  figures  drawn  by  various  authors,  the 
supra-anal  setae  are  represented  as  straight  and  pointed  at  the  tips. 
The  object  of  the  present  note  is  to  describe,  in  detail,  my  observations 
on  the  occurrence  and  utility  of  these  hooks,  in  a  large  number  of 
Indian  species. 

The  posterior  dorsal  region  of  the  anal  segment  has  a  set  of  four 
tufts  of  setae,  a  median  pair  and  an  outer  pair  (Plate  LXI,  fig.  1).  They 
start  from  plates  of  chitin  arranged  as  in  Plate  LXI,  fig.  2,  on  the 
posterior  dorsal  tip  of  the  anal  segment.  The  median  pair  starts  from 
either  end  of  a  transversely  placed  strip  of  chitin,  and  is  anterior  and 
dorsal  to  the  outer  pair.  The  outer  tufts  start  from  two  curved  beak- 
like plates  of  chitin  on  either  side  of  the  median  line,  and  which  in  some 
cases  {A.  hyrcanus)  may  be  fused  at  the  base  (Plate  LXI,  fig.  3).  These 
plates  could  only  be  seen  well  when  the  setas  had  been  pulled  out.  If  the 
setae  are  intact,  we   cannot  get  a  superficial  view  of  these  plates. 

The  median  tufts  are  of  the  feathered  type  and  when  the  larva 
is  at  rest,  they  are  projected  backwards  and  upwards  from  the  tip  of 
the  anal  segment.    The  branches  are  in  one  plane  and  the  tuft  is  vertically 

•  Preliminary  Report  of  a  Malaria  Survey  of  Calcutta,  Indian  Journal  of 
Medical  Research,  Special  Indian  Science  Congress  Number,  1920,  pp.  15-16. 
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Explanation  of  Plate  LXl. 

Kig.  1.  Dorsal  views  of  the  ninth  segment  of  the  abdomen  of  anopheline 
larva?  showing  M — median  tufts,  E — external  tufts  and  A.  G. — 
anal  gills. 

Figs.  2  k  3.  Dorsal  tip  of  tiic  anal  segment  siiowing  chitin  platet 
.Hupi>orting  the  dorsal  tufts  of  .'1.  jamcsi  and  hyrcanus.  (The 
tuft.s  have  been  pulled  out.)  M — tlie  socket  of  the  median 
tuft,  E— the  sw'ket  of  the  external  tuft.  Drawn  with  the 
< 'amera-luoida,  Zeiss  ocular  2.  nlijiMtivi-  .\.\,  tube  len^jtli 
160  mm. 

Kig.  4.  Lateral  view  of  the  posterior  region  of  the  iibdnnu-u  of  .1.  hyrcanus 
larva.  L'anlera-lucida  drawing,  Zeiss  oc.  2  obj.  .\A,  T.  L. 
ItiO  mm. 

M.  tnedian  supra-anal  tuft. 
E.  external^supra-anal  tuft  showing  hooks. 
•  A     '».  anal  gills. 
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Explanation  of  Plate  L^Il. 

Fig  5.  Mediau  and  external  tufts  of  one  side. of  the  larva  -of  A.  jainesi. 
Camera -lucida,  ocular  2,. objective  AA. 

Figs.  C  &  7.  External  hooked  tufts  of  A.  barhiroslris  and  jamesi  and  the 
tips  of  the  hooked  hairs  magnified :  drawn  with  the  Camera- 
lucida,  (i)  oc.  2,  obj.  A  A.,  (ii)  and  (iii)  oc.  2  and  obj    DD. 
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placwl.  Frequently,  the  two  tufts  may  cross  eiipli  otlier  (I'late  LXI, 
fi)».  1.  A).  It  will  be  seen  from  Plate  LXI,  fi^'.  1,  that  there  are  many 
more  branches  on  the  dorsjil  than  on  the  ventral  side.  In  A.  hyrcanu$ 
there  are  12  dorsal  and  only  1  ventral  branches,  and  in  some  cases  the 
ventral  branches  are  still  fewer. 

The  outer  tufts  consist  each  of  about  six  equally  long  strongly 
chitinised  setse  the  tips  of  which  are  bent  and  sharply  hooked  and  a  few 
(2  to  4  or  more)  thin  branches  veutrally  which  possess  no  hooks.  In 
some  forms,  the  number  of  such  hooked  setae  may  be  as  many  as  7 — 10. 
The  branches  are  somewhat  flat  at  their  bases.  The  hooks  on  the  external 
supra-anal  setae  are  strong  and  thick.  But  the  branches  of  the  metliaa 
supra-anal  tufts  have  also  been  found  in  a  few  cases  to  have  very  minute 
hooks  at  their  tips,  visible  only  under  the  high  power.  They  arc  very 
small  and  feeble,  and  may  not  be  of  any  great  use.  1  have  found  them 
in  the  larvae  of  A.  maculipalpis,  culicijacies  and  minimus. 

The  following  are  observations  of  larvae  of  Anopheles  slephenai 
breeding  in  cisterns  in  Calcutta,  ^\'^len  the  larva  rests  along  the  surface 
of  the  water,  the  hooked  .setae  are  projected  backwards  and  the  hooks 
point  downwards  (Plates,  LXI  and  LXII,  figs.  4-5).  When  disturbed, 
the  larva  goes  to  the  bottom  if  the  water  is  shallow.  But  if  deeper, 
it  has  been  observed  to  go  only  to  the  .side  of  the  cistern  and  sink 
slowly  with  the  tail  end  touching  the  side.  While  thus  de.scending, 
the  hooks  catch  even  the  smallest  prominence  or  roughness  in  the 
side  and  the  larva  hangs  head  downwards  from  the  wall  of  the  cistern 
by  means  of  these  hooks.  It  sticks  to  this  position  as  long  as  the 
disturbance  continues,  and  when  everything  is  quiet  again  comes  up  to 
the  surface.  If  from  one  such  resting  position  the  larva  is  disturbed  by 
touching  it  gently  with  a  long  needle,  it  either  comes  up  to  the  surface, 
or  more  frequently  goes  to  another  place  on  the  cistern  side  and  hangs 
from  the  new  position  in  the  same  way.  This  led  me  to  suspect  the 
presence  of  some  grappling  organs  in  the  tail,  and  an  examination 
showed  that  these  were  the  hooks  of  the  external  supra-anal  tufts. 
larvae  can  stick  to  the  sides  of  even  a  glass-jar  in  whidli  (hey  may  be 
kept  and  dangle  head  downwards  for  varying  lengths  of  time.  In  one 
instance,  a  larva  clung  to  the  sides  of  a  cistern,  under  water  for  as  long 
as  3  minutes. 

All  the  species  of  Anopheles  available  for  study  have  been  examined 
since,  including  A.  suhpiclus,  Grassi  (grossi,  Giles)  ;  vngns  DonitK ; 
ctdicifacies,   Giles ;  fuliginostu,    Giles  ;   jamesi,    Theob ;   maculipalpii, 
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Giles  ;  maculalus,  Theob  ;  minimus,  Theob.  ;  funestus  var.  listoni,  Liston  ; 
stephensi,  Libton  ;  barbirostris.  v.  d.  Wulp.  hyrcanus,  Pallas  and  gigas, 
Giles.     In  all  these  species,  the  hooks  are  present  quite  characteristically. 

In  a  pond,  it  may  be  presumed  that  if  the  larva  were  to  be  disturbed 
it  would  be  compelled  to  go  to  the  bottom.  But  this  has  never  been 
observed  to  happen.  The  larvae  of  Anophelines  breeding  in  ponds  with  a 
floating  vegetation  of  Pistia  siratiotes  for  instance,  get  in  between  the 
roots  of  the  Ptstia  when  disturbed  and  hang  from  the  rootlets  by  their 
tail-hooks.  But  sometimes  they  grip  the  rootlets  with  their  mandibles. 
From  such  positions  it  is  difficult  to  dislodge  them.  If  the  larvae  should 
go  to  the  bottom  of  the  pond  on  any  disturbance,  the  possible  dangers 
they  would  risk  thereby  would  be  (1)  the  exposure  to  enemies  like  fish 
and  (2)  exposure  to  pressure  at  the  depths  of  a  pond  which  cannot  be 
withstood  by  these  air-breathing  organisms.  This  also  enlightens  us  as  to 
why  larvae  always  rest  near  floating  aquatic  plants  or  algal  scums,  or  near 
the  edge  of  the  pond  or  cistern,  and  never  at  the  clear  centre  of  a  pond. 

Above  we  have  seen  the  utility  of  the  tail-hooks  in  stagnant  waters.* 
In  flowing  waters,  the  larvae  of  species  breeding  therein  stick  to  boulders 
on  the  sides  of  the  streams  by  means  of  their  well-developed  tail-hooks' 
The  larvae  of  A.  maculatus  and  minimus  breeding  in  the  '  jhoras  '  (hill- 
streams  at  the  foot  of  the  Himalayas)  have  been  observed  to  do  so.  But 
the  power  to  stick  to  the  sides  of  streams  is  particularly  remarkable  with 
larvae  of  A.  7naculatus,  and  they  are  able  to  withstand  very  strong 
currents.  Experiments  in  the  Bengal  Duars  have  shown  that  flushing  a 
stream  has  no  great  eSect  in  driving  the  larvae  of  A.  maculatus  far  down 
the  stream.  When  the  stream  gets  a  good  flush,  the  maculatus  larvae 
breeding  in  it  at  once  get  to  the  surface  of  the  flush  water,  move  a  short 
distance  with  the  current  and  suddenly  dart  out  to  the  sides  and  there 
stick  to  the  stones  or  boulders,  in  spite  of  the  strong  current.  When  the 
flush  spends  itself  and  the  level  of  the  water  falls,  the  larvae  creep  down 
the  sides,  and  when  the  w  ater  is  stationary  again,  get  into  the  water. 
The  larvae  of  A.  culicifacies  breeding  in  the  sluggish  streams  in  the 
colliery  districts  also  utilise  their  tail-hooks  to  stick  to  stones  and  sand, 


It  has  been  said  in  the  paper  referred  to  in  the  postscript  that  the  floating 
Anopheles  larva  sticks  to  the  edge  of  a  glass  vessel  and  maintains  itself  at  right  angles 
to  the  side  of  the  vessel  by  means  of  the  two  lateral  hook  tufts.  I  have  observed 
larvsD  in  which  the  tufts  were  completely  removed  without  injurj'  to  the  larva  and 
they  behave  exactly  similarly  so  that,  apparently  there  is  no  connection  between  these 
liooks  and  the  resting  position  at  right  angles  to  the  sides  of  a  vessel. 
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but  they  have  no  capacity  to  withstnml  it  tliish.     In  one  instance,  a  goo<l 
flush  was  able  to  ilrivo  all  larvae  of  ctilirifdcies  a  mile  down  the  streanj. 

Specimens  of  larv»  of  .-1.  maculipriiiiis,  Meigen,  bifitrcatits,  Linn,  and 
pluinbeiis,  Haliday,  received  through  the  courtesy  of  Prof.  G.  H.  F. 
Nuttall,  were  also  examined.  The  hooks  were  quite  typical  in  the  two 
former,  but  in  A.  plutnbeus,  the  hooks  were  very  few  and  minute. 

I  have  (through  the  courtesy  of  the  Director,  Zoological  Survey  of 
India)  seen  type  specimens  of  larva?  of  Anopheles annaudalei,  Prashad,  a 
tree-hole  breeding  species  from  the  Himalayas.  I  have  observed  that 
the  hooks  are  present  quite  characteristically  in  this  species  also. 

Postscript. — Just  prior  to  sending  this  note  for  publication,  1  have 
seen  a  paper  by  W.  A.  Lamborn  on  the  '  Nature  and  function  of 
caudal  tufts  in  malayan  anopheline  larvae/  in  the  latest  issue  of  the 
Bulletin  of  Entomological  Research  (Vol.  XII,  pt.  1,  July  1921). 

I  wish  to  note  briefly  on  some  points  raised  by  Mr.  Lamborn. 
He  believes  that  in  previous  literature,  no  structural  differentiation  of 
the  two  sets  of  (dorsal)  brushes  had  been  noted  '  (p.  92).  It  should  be 
pointed  out  that  Nuttal!  and  Shipley  in  their  articles  on  the  "  Structure 
and  Biology  of  .-fno/)Ae/e«  maculipennis^  (Journal  of  Hygiene,  Vol.1, 
pt.  1,  1901)  have  clearly  described  and  figured  these  tufts.  Their  figures 
And  descriptions  are  perfect,  though  they  missed  these  hooks. 

Mr.  Lamborn  says  '  The  presence  of  any  hooks  at  all  in  the  case 
of  A.  subpictus  var.  tagus  and  others  which  breed  by  choice  in  the  still 
'  waters  of  muddy  pools  is  doubtless  to  be  explained  by  recent  modifica- 
•  tions  of  breeding  habits  :  for  until  the  advent  of  the  white  man  to  this 
'  country  and  the  subsequent  great  economic  development,  there  must 
'  have  been  comparatively  few  such  breeding  places  available.'  It  is 
here  assumed  that  these  hooks  are  quite  useless  in  stagnant  waters ; 
this  statement  is  fully  controverted  by  my  note.  It  is  too  much  to 
assume  that  there  were  few  stagnant  waters  before  the  advent  of  the 
white  man  :  and  there  is  no  evidence  to  .show  that  there  has  been  any 
'  recent  modification  of  breeding  habits.' 

Mr.  Lamborn  notes  that  tree-hole  breeding  species  have  imper- 
fectly developed  hooks.  I  have  not  seen  A.  asiatica  A.  plumbeitt 
larvae  from  England  show  this  reduction,  but  the  hooks  are  present 
though  few  and  feeble.  But  as  stated  above  the  larvae  of  .-1.  annandalei 
Prashad,  also  a  tree-hole  breeder,  show  no  such  reduction,  the  hooks 
being  quite  well  developed.  There  is  no  evidence  about  the  other 
tree-hole  breeding  species. 
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KALA-AZAH  INQUIRY  OF  THE  INDIAN 
RESEARCH  FUND  ASSOCIATION. 

Intimation. 
In  the  January  1922  Number  of  the  Journal  a  telegram  from 
Mrs.  .Vdie  was  published  in  which  she  stated  that  she  had  found  Leishnian- 
Uonovan  bodies  in  the  saUvary  glands  and  ducts  of  Ciniex  Kotundatus 
caught  on  the  bed  of  a  suspected  case  of  Kala-Azar  in  an  infected  area. 
.Mrs.  .\die's  specimens  were  sent  to  Lt.-Col.  Christophers,  c.i.e.,  i.m.s.,  of 
the  Central  Research  Institute,  Kasauli,  for  examination,  and  he  has 
submitted  a  note  on  the  bodies  found  bv  Jlrs.  Adie  in  the  sahvarj-  glands 
of  Cimex  Rotundatus.  Lt.-Col.  Cliristophers  considers  that  the  bodies 
described  by  Mrs.  Adie  in  the  salivary  glands  of  the  bed-bug  as  Leishniau- 
Donovan  bodies  to  be  a  species  of  Nosema  which,  if  new,  would  be  called 
N.  .\diei.  A  report  from  Mrs.  Adie  will  appear  in  the  next  issue  of  the 
Journal. 
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HOW  TO  REiOlJXISE  THE  INDIAN  MYIASIS-PRODUCINO 
FLIES  AN!)  THEIR  LARV.«,  TOGETHER  WITH  SOME 
NOTES  ON  HOW  TO  BREED  THEM  AND  STUDY 
THEIR  HABITS. 
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Di'RiN'o  the  course  of  my  enquiry  into  the  niyiasis-producing  flies 
of  India.  I  have  had  occasion  to  correspond  with  medical  and  veterinary 
Oificers,and  Ifindthat  manyofthemareanxious  to  take  advantage  of  the 
opportunities  they  have  of  studying  the  life  histories  and  habits  of  these 
flies.  It  is  very  evident,  however,  that  they  are  not  in  a  position  to  do  so 
not  having  had  any  training  in  the  elements  of  Entomology.  This 
is  much  to  be  regretted,  for  it  is  these  officers,  who  see  many  interesting 
cases  of  myiasis  in  the  course  of  their  work,  and  who  could  add  much  to 
our  limit«d  knowledge  of  this  important  subject.  I  have  therefore 
written  this  paper  especially  for  them,  and  I  trust  it  will  arouse  n 
greater  interest  in  this  subject  in  India,  and  that  ntany  will  record  their 
observations  on  the  habits  and  life  histories  of  the  myiasis-))r<idu(ing 
flies. 

How    TO    RECOGNISE    A    FtV. 

Before  it  is  possible  to  study  the  myia^is-producing  s|).-(ies,  ii   is 
necessary  to  know  how  to  recognise  a  fly  from  other  insects,  aud  to 
/,  Kit  (     635     )  ) 
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understand  its  life  histories  in  general  so  as  to  be  in  a  position  to 
make  accurate  observations. 

Insects  have  four  wings,  two  on  each  side,  but  all  flies  have  only 
two,  the  second  pair  being  represented  by  curious  stalked  structures 
situated  below  and  behind  the  bases  of  the  wings,  and  known  as  the 
halteres.  Like  all  insects  flies  have  a  head,  which  bears  the  eyes, 
the  mouth  parts  and  a  pair  of  sensory  organs  known  as  the  antennae; 
a  thorax  to  which  are  attached  six  legs,  three  on  each  side,  and 
a  pair  of  wings  ;  an  abdomen  consisting  of  a  number  of  segments 
placed  one  behind  the  other,  the  last  carrying  the  external  sexual 
organs. 

Flies  either  lay  eggs  or  deposit  larvae,  some  of  which  are  popularly 
spoken  of  as  maggots.  The  eggs  are  laid  either  singly,  or  in  a  mass  of 
varying  numbers,  either  in,  or  near  the  food  of  the  larvae.  On  hatching 
out  of  the  eggs  the  young  larvae  begin  to  feed,  and  slowly  growing 
change  their  skins  three  or  four  times,  and  after  each  moult  certain 
external  structures  become  better  developed,  and  others  appear  for 
the  first  time.  When  they  reach  maturity  all  growth  ceases,  and 
the  larvae  become  more  or  less  quiescent.  In  this  stage  the  fly  is 
known  as  a  pupa  or  puparium,  and  from  which,  after  a  varving 
time,  the  perfect  insect  emerges  to  live  an  active  life  in  search  of  food. 
The  sexes  now  meet  and  the  female  after  fertilisation  lays  its  eggs, 
or  deposits  its  larvae  as  the  case  may  be,  and  the  life  history  begins 
again.  It  is  important  to  remember  that  growth  only  takes  place 
during  the  larval  stage,  and  that  once  the  fly  hatches  out  of  its 
puparium  it  does  not  grow  any  more,  so  that  small  flies  of  any  species 
only  mean  that  the  larvae  were  unable  to  obtain  sufficient  food, 
and  on  being  forced  to  pupate,  could  only  develop  into  small 
specimens. 

The  order  Diptera  or  Flies  is  divided  into  two  suborders,  the 
Orthorrhapha  and  the  Cyclorrhapha.  The  former  is  again  divided 
into  two  groups,  the  Nematocera  and  the  Brachycera.  In  the 
Nematocera  is  included  all  those  sim23le  flies  such  as  mosquitoes,  midges 
and  alHed  forms,  most  of  which  are  aquatic  in  their  larval  stages,  the 
larvae  being  specially  adapted  for  living  and  developing  in  water,  and  are 
provided  with  various  organs  for  swimming,  floating,  etc.  Well-known 
examples  are  the  many  species  of  Culex  and  Anopheles  mosquitoes,  and 
the  biting  midges,  minute  dark  flies  which  are  such  a  pest  to  man  and 
animals  in  the  vicinity  of  water. 
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III  tlu*  Brocliycera  are  iiu'liultHl  u  larj^o  luiiiiber  uf  more  rubiist 
riiea  such  as  the  well-knowa  gttd  flies,  whicli  cnuse  sueh  unnoyaiue 
to  animals,  aiul  which  are  hehevetl  to  carry  the  parasite  or  Surni. 
These  flies  are  oftea  coiifiiseil  with  tlie  Bot  Flies,  but  it  should  be 
p«>iute«l  out  tliat  they  are  in  no  way  connected  with  tlieni.  Botli  the 
Neuiiitocera  and  the  Brachycera  are  divide<l  into  many  families, 
but  as  thev  do  not  concern  us  iiere,  they  need  not  be  referred  to 
again. 

IntheCvdorrhapha  are  included  all  the  more  hif^hly  developed  flies, 
and  the  suborder  is. divided  into  three  groups,  one  of  which  contains  the 
house  fly,  and  allied  species.  In  this  group  is  placed  among  others  two 
important  families,  the  Mu-scidue  and  the  Sarcophagidae,  the  former  of 
which  is  divided  into  two  subfamilies,  the  Muscinae  and  the  Oalliphorina-. 
The  Muscinse  includes  all  the  greyish  black  flies  such  as  the  common 
hou.se  flv,  so  familiar  to  everyone;  the  Calliphoriua;  contains  all 
the  metallic  green  and  blue  flies,  such  as  the  well  known  blue  and 
green  bottles  commonly  seen  about  decaying  animal  matter.  The 
.Sarcophagidae  or  Flesh  Flies  contains  a  large  group  of  greyish  striped 
and  chequered  flies. 

The  accompanying  line  drawing  (Text  fig.  I)  of  u  female 
mn.<ioid  flv  will  explain  the  structure  of  one  of  these  insects.     The  ovos  are 


TtXT  Kio.   I.  — A  Typiul  Keraali  Mii«ciil  fly. 
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situated  at  the  sides  of  the  head  and  each  consists  of  hundreds  of  lenses, 
and  is,  therefore,  called  a  compound  eye.  The  whole  space  between  the 
eyes  is  the  front,  and  the  central  dark  part  bordered  with  bristles  the 
frontal  stripe.  (Text  fig.  2.)  The  sexes  can  always  be  recognised  by 
noting  that  the  eves  are  widely  separated  in  the  female,  that  is,  the  front  is 
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Te.xt  Fig.  2.— Front  view  of  head  of  a  Miisciil  Hy. 

Wide,  while  in  the  male  the  eyes  are  approximated.  The  occipital 
triangle  ia  a  small  dark  area  at  the  top  of  the  head  on  which  is  situated 
the  three  ocelli  or  small  eyes,  amber  coloured  button-like  structures. 
The  area  below  the  eyes  on  each  side  and  best  seen  either  from  the 
front,  or  the  side,  is  the  cheek.  In  the  middle  line  there  are  two 
approximated  elongate,  somewhat  flat,  structures,  known  as  the 
antennae,  from  the  basal  part  of  which  there  projects  a  long  featheied 
bristle,  the  arista.  The  antennae  are  the  sense  organs  of  the  fly  and 
function  in  much  the  same  way  as  the  human  nose.  Projecting  from 
tiie  middle  line  between  the  cheeks  is  the  mouth  of  the  fly  which  is  an 
elongated  structure  known  as  the  proboscis  (Text  fig.  3) ;  it  is  easil}' 
flexed  back  and  is  then  almost  hidden  under  the  head.  At  its 
extremity  it  is  pro\aded  with  two  fleshy  lips  which  have  minute 
char-nels   running  towards  the  opening  of  the  proboscis  and  through 
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whifh  the  fly  sucks  up  its  fluid  food.  At  the  base  of  the  proboscis  on 
the  upper  surface,  there  nro  two  club-shaped  structures  known  as  the 
paljKs.     The  width  and    colour    of    the  front    and  froutal  stripe,  the 
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Text  Via.  3.  -Side  view  of  h6a<l  o(  a 
Muscid  dy. 

colour  of  the  cheeks  ami  the  auteuuie  are  importaut  points  in  sepaniting 

closely  related  species. 

The  thorax,  the  middle  segment  of  the  body,  is  an  elongated 
compact  box-like  structure,  formed  of  strong  plates  of  chitin,  the 
hard  outer  skin  of  the  fly,  welded  together  to  give  better  attachment 
for  the  powerful  muscles  which  move  the  wings  and  legs.  The  u|)per 
surface  <>(  the  thorax  is,  in  these  flies,  always  provide<l  with  strong 
black  bristles  arranged  in  a  defiiiito  manner,  and  which  are  of  great 
use  in  separating  the  important  species.  In  this  connection,  therefore, 
it  is  imi)ortant  to  note  that  the  thorax  is  divided  into  almost  two 
halves  by  a  well  marked  suture  or  cleft. 

The  wings  consist  of  thin  membranes  .stiffened  by  air  tubes  which 
are  calle«l  veins  ;  it  is  important  to  note  that  the  fourth  vein  (see 
Text  fig.  1)  in  the  Muscidts  always  bcnils  up  towards  the  third,  aiul 
this  i"  charicteristic  of  the  family.  At  the  base  of  the  wings,  there  is 
a  Urge  membraneous  scale,  the  squama,  tirmly  attached  to  the  thorax, 
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and  whicL  does  not  move  with  the  wiug.  Each  squama  is  attached 
to  a  folded  raembraue  which  in  its  turn  is  continuous  with  the  little 
wing,  the  alula,  which  always  moves  with  it.  Below  the  squamae  are 
the  halteres,  the  representatives  of  the  second  pair  of  wings. 

The  legs  consist  of  a  number  of  segments  jointed  together,  as  shown 
in  text  figure  1,  the  last  being  provided  with  a  pair  of  claws. 

The  abdomen  consists  of  four  segments,  the  first  apparent  one  is, 
however,  in  reality  the  second,  the  true  first  segment  being  more  or  less 
suppressed.  In  the  female,  theabdomen  endsina  longtube,  the  ovipositor, 
or  egg-laying  apparatus,  which  at  rest  is  telescoped  into  the  last  segment. 
If  the  observer  keeps  the  text  figure  before  him,  he  should  have  no 
difficulty  in  recognising  a  species  belonging  to  the  Muscidse. 

It  is  next  necessary  to  consider  the  structure  of  the  larva  or  maggot 
of  this  group  of  flies,  a  typical  member  of  which  is  shown  in  text  figure  4. 


Text  Fio.  4.- Mature  larva  of 
a  Miiscid  fly. 
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It  will  be  not<d  that  it  is  elongated  consisting  of  a  number  of  rings 
or  segments  thickened  at  their  front  ends  to  form  pads  which  take 
the  place  of  legs.  The  front  end  of  the  larva  is  pointed  and  is 
pro\-ide<l  with  a  mouth  and  a  pair  of  long  black  hooks  which  are 
used  in  progression,  and  also  in  fixing  it  in  position.  The  body 
segments  gradually  enlarge  from  before  backwards  the  hind  end  being 
truncated.  Every  muscid  larva  possesses  two  important  structures 
which  are  of  great  use  in  recognising  to  which  species  of  fly 
it  belongs.  At  the  front  end  on  eiich  side  of  the  apparent  third 
segment  there  is  a  small  yellowish  fan-shaped  structure,  which, 
when  examined  with  a  high  power,  is  seen  to  consist  of  a  number  of 
small  finger-like  protuberances,  each  with  a  minute  opening  at  its 
end.  This  organ  is  the  anterior  spiracle  or  breathing  pore  of  the 
larva,  and  internally  it  is  continuous  with  one  of  the  breathing  tubes. 
The  number  of  processes  though  somewhat  variable  in  the  different 
species  of  maggots  is  sufficiently  constant  to  be  of  great  value  in 
recognising  the  fly  to  which  it  belongs.  At  the  broad  end  of  the 
maggot,  there  is  another  pair  of  openings  which  are  often  mistaken 
for  suckers,  known  as  the  posterior  stigmatic  openings,  or  breathing 
pores.  Each  consists  of  a  round  or  oval  plate  of  a  dark  brown 
colour  enclosing  three  straight  or  coiled  slits;  the  plates  are  usually 
situated  close  together.  Without  going  into  the  minute  structure 
of  these  openings  it  is  sufficient  to  say  that  the  slits,  which  are 
guarded  by  tine  processes,  open  into  the  ends  of  the  breathing  tubes 
of  the  maggot,  which  are  at  this  point  enlarged  to  hold  a  relatively 
large  amount  of  air  ;  the  fine  processes  prevent  the  entry  of  any  solid 
matter.  The  .sire  of  the  plates,  their  distance  apart,  the  structure 
and  direction  of  the  slits,  and  many  other  important  points  help  to 
recognise  the  fly  to  which  the  particular  maggot  belongs.  Further 
the  structure  of  the  end  of  the  eighth  segment  which  bears  the 
breathing  |>ores  or  openings  should  be  noted,  for  in  some  larvse  the 
o|)ening8  are  easily  seen  while  in  others  they  are  hidden  in  a  hollow 
formed  by  the  lips  of  the  end  of  the  segment.  By  noting  this  point, 
as  I  will  show  further  on,  it  is  often  pocsible  to  locate  the  species 
almost  at  once.  In  the  Muscinse,  the  slits  are]  nearly  always  coiled, 
while  in  the  maggots  of  the  Caliiphorinee  they  are  straight  and  directed 
inwards. 

When  the  larva  reaches  maturity,  it  always  crawls  away  from  the 
foo<l  htiifl  on  which  it  was  feeding  and   seeks  a  suitable  place  in  the 
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earth   in    which  to   pupate.     A   typical    pupa,    or    more  correctly    a 
puparium,  of  a  rauscid  fly  is  shown  in  text  figure  5. 


Text  Fig.  j.— Puparium  of  a 
Muscid  fly. 

It  is  always  barrel-shaped  aud  of  a  brown  colour,  and  may  be  mistaken 
for  a  seed.  It  will  be  noted  from  its  structure  that  it  is  merely  the 
hardened  larval  skin,  and  the  anterior  and  posterior  spiracles  can  be 
easily  recognised  at  the  ends.  If  such  a  puparium  is  kept  in  a  suitable 
receptacle,  the  emergence  of  the  fly  can  be  studied.  This  remarkable 
feat  is  accomplished  by  the  fly  pushing  off  the  anterior  end  of  the 
puparium  with  the  aid  of  a  sac  filled  with  air  at  the  front  end  of  the 
head.  This  sac,  which  is  knowii  as  the  ptilinum,  is  withdrawn  into  the 
head  of  the  fly,  when  its  slcin  begins  to  harden.  As  soon  as  the  fly 
extricates  itself  from  its  puparium,  it  walks  about  very  actively.  Its 
wings  are  at  first  crumpled  up  but  soon  begin  to  unfold  aud  in  about 
'i-i  hours  time  it  is  ready  to  take  to  flight. 
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Flies  ok  India. 

The  myiasis- producing  flics  of  Iiuliu  belong  to  two  important 
familieis,  the  Muscidffi  and  the  Sarcophagidse,  the  former  as  pointed  out 
above  is  again  split  into  two  smaller  groups,  the  Muscina?  and  the 
Calliphorinte,  the  latter  contains  all  the  important  species  which  concern 
us  here. 

The  Calliphorino!  or  Blow  Flies  are  large  green  or  blue  insects  often 
with  a  characteristic  brassy  sheen.  The  myiasis-producing  species 
belong  to  two  genera,  Lucilia  ami  t'hnjsomyia,  which  can  be  .sejwrated 
by  noting  that  in  Lucilia,  the  bristles  on  the  thorax  are  well  developed 
forming  two  distinct  rows  down  the  middle  of  the  thorax  (Text  tigs.  6 
and  7)  in  front  and  behind  the  suture  ;  the  thorax,  and  in  most  species 


Text  Kio.  6.— Liorsal  view  of  tlioiat  of  Lucilia 
to  ihow  irrkiigemcnt  of  brittlcn. 


Te.VT  Kio.  7.— boisal   view  of  thorax  of 

Chryiomyia  to  show  arranKomoDt  of 

bristlen. 


the  abdomen  is  unbanded.  In  t'hrijsomijia  on  the  other  hand  there  arc 
very  few  bristles  on  the  thorax,  and  then  only  one  row  on  each  side 
but  instead  the  surface  is  covered  with  downy  hairs  ;  the  thorax  has 
indistinct  longitudinal  bands  and  the  abdomen  well  marked  horizontal 
bands  at  the  bases  of  the  segments.  A  blue  or  greon  myiasis- 
producing  fly  with  a  very  bristly  thorax  is  a  Lucilia,  and  one  with  a  very 
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few  bristles  but  a  dense  covering  of  fine  hairs,  and  abdominal  bands 
is  a  Chrysomyia.  I  will  first  point  out  how  the  important  species 
of  Chrysomyia   may  be  distinguished  from  each  other. 

Chrysomyia  bezziana  and  Chrysomyia  megacephala  (diuc)  are  the 
two  inijiortant  myiasis-producing  Blow  Flies  of  India.,  the  former  only 
breeds  in  living  tissues,  while  the  latter,  though  occasionally  depositing 
its  eggs  on  sores,  wounds,  etc.,  on  the  bodies  of  animals,  normally  breeds  in 
dead  bodies,  and  in  decaying  organic  matter.  The  females  of  these  two 
species  are  very  similar  in  general  appearance,  and  can  only  be  separated 
by  noting  the  following  points  : — The  eyes  of  the  female  Chrysomyia 
me^ace/>/iaia  are  wider  apart  than  those  of  C.  bezziana,  that  i.s,  the  front  is 
wider,  more  than  l-3rd  the  width  of  the  whole  head,  that  of  bezziatm  is 
distinctly  narrower  about  I -3rd  or  a  little  less.  (Plate  LXIII  figs.  1 
and  2.)  The  frontal  stripe  of  megacephala  is  slightly  wider  than  that  of 
bezziana  bulging  out  a  little  about  its  middle.  Those  j^ortions  of  the 
front  of  megacephala  nearest  the  eyes  are  of  a  dirty  grey  colour  while  in 
bezziana  they  are  distinctly  yellower.  These  differences  are  well  shown 
in  the  drawings  referred  to  above.  The  squaniEe  of  megacephala  are  of 
a  dirty  yellow  colour  while  those  of  bezziana  are  of  a  waxy  white  colour. 
In  all  other  respects  the  females  of  the  two  species  are  very  like  each 
other: 

Chrysomyia  nigriceps,  a  large  blue  species  which  is  a  common  Blow 
Fly  of  the  Hil!  Stations  of  India,  can  be  recognised  by  noting  that  it  is 
very  much  darker  in  colour,  and  that  the  front  of  the  female  is  wide  and  of 
a  dark  grey  colour.  (Plate  LXIII,  fig.  3.)  The  frontal  stripe  is  almost 
black  and  the  cheeks  are  dark  yellow  to  dark  grey  with  black  hairs. 
The  cheeks  of  the  females  of  dwx.  and  bezziana  on  the  other  hand  are  of 
a  bright  orange  colour  with  yellow  hairs.  Chrysomyia  nigriceps  is  not 
known  to  deposit  its  eggs  in  living  tissues  and  is,  therefore,  not  a 
myiasis-producing  species. 

Chrysomyia  albiceps  is  another  important  Blow  Fly  of  India,  and  all 
Veterinary  Officers  should  be  able  to  recognise  it  and  its  hairy  maggot. 
In  Australia,  this  fly  is  known  by  the  name  of  C.  rufijaciee,  where  it  is 
regarded  as  the  most  destructive  pest  to  live-stock,  as  it  has  within  recent 
years  acquired  the  habit  of  laying  its  eggs  in  soiled  wool  on  the  rumps 
and  hind-quarters  of  sheep,  and  as  a  result  large  quantities  of  valuable 
wool,  and  many  sheep  are  annually  destroyed.  In  India  and 
Mesopotamia,  the  maggots  of  this  fly  are  entirely  predaceous,  feeding  on 
those  of  other  Blow  Flies.     The  female  albiceps  lays  its  eggs  among  the 
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eggs  and  larvte  of  other  species,  but  chietfy  ainon^  llioso  <if  Chiy«oinyia 
fwgacephaUi.  in  decomposing  bodies,  and  the  second  and  third  stage 
larva?  readily  attack  and  suck  nut  the  juices  of  the  maggots  living  with 
them,  and  in  this  way  they  will  clear  a  dead  body  of  most  of  the 
maggots  of  ('.  niegacephala.  It  is  not  known  whether  the  maggots 
of  albiceps  have  this  habit  in  Australia,  but  if  they  have  it,  it  must 
be  considered  a  useful  tiy. 

The  female  can  be  readily  recognised  by  noting  that  it  is  of  a 
brilliant  green  colour,  with  a  well  marked  brassy  sheen  on  the  thorax 
and  the  end  of  the  abdomen.  The  front  is  moderately  wide 
(Plate  LXIII,  fig.  i),  the  face  and  cheeks  greyish  white  to  silvery  white, 
particularly  the  latter  which  are  covered  with  light  hairs. 

Chrysomyia  villeneuvii  is  &  common  Blow  Fly  in  the  Nilgiri  Hills  and 
at  the  foot  of  the  Coonoor  Ghat.  It  is  seldom  seen  e.xcept  on  the 
decomposing  bodies  of  animals.  It  is  of  some  importance  as  its  second 
and  third  stage  larvse  arc  extremely  predaceous,  even  more  so  than 
the  larvae  of  albiceps.  The  female  fly  has  the  .same  breeding  habits  a.< 
those  of  the  female  albiceps;  its  third  stage  larva,  which  has  been 
fully  described  in  an  earlier  paper  in  this  Journal,  is  covered  with 
long  processes.^ 

The  female  fly  can  be  recognised  by  its  brilliant  dark  green  colour, 
and  stout  metallic  legs.  The  front  is  wide  (Plate  LXIII,  fig.  5)  the  face 
dirty  grey  with  bluish  reflections,  and  the  checks  are  greyish  yellow  with 
light  hairs  ;  the  antenna)  are  dark.  It  would  be  interesting  to  know 
the  distribution  of  this  fly  in  India. 

Chrysomyia  uuirginalis  is  a  widely  di.stribtited  African  species,  anil 
has  been  recorded  from  Quetta  ;  it  is  probable  that  it  will  be  found 
along  the  North-West  Frontier  of  Lidia.  It  can  be  readily  recognised 
by  its  plum-coloured  abflomen,  dark  patch  at  the  bases  and  dark 
band  along  the  front  border  of  the  wings.  The  front  in  the  female. 
is  very  wide,  and  of  a  dark  orange  colour  fading  into  white  at 
the  lower  part  ;  the  cheeks  arc  light  orange  with  golden  hairs 
(Plate  LXIII.  fig.  6.) 

As  pointed  out  above  all  the  species  of  Lucilia  can  be  recognised 
by  the  numerous  large  bristles  on  the  thorax,  the  absence  of  thoracic, 
and  in  most  species,  ab<lominal  bands.  The  most  important  Indian 
8[)ccies  is  Lucilia  uryyricephala,  a  relatively  small  bright  green  fly 
with  bronze  reflections.  It  is  a  well  known  myiasis-producing  fly  in 
West   Africa  and    Somaliland,  its    larvae  having  been  recorded   from 
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the  t'ssucs  of  man  and  animals  ;  in  India,  its  larvae  occasionally 
cause  myiasis  in  animals.  It  normally  breeds  in  the  bodies  of  recently 
killed  animals,  and  in  meat  and  ofial  lying  about  butclieiies,  and 
to  a  certain  extent  in  decaying  vegetable  matter. 

Specimens  of  this  fly  can  always  be  obtained  from  the  sweet  and  meat 
stalls  in  all  Indian  bazars  ;  it^s  characteristic  bronze  green  colour  and 
size  make  identification  easy.  The  front  in  the  female  (Plate  LXIIl, 
fig.  7)  is  wide,  the  face  and  cheeks  silvery  white,  and  the  occipital 
area  greenish  ;  the  antennse  are  dark. 

Lucilia  craggii  is  the  common  Blow  Fly  of  Indian  Hill  Stations? 
and  is  a  large  species  which  soon  turns  purple  when  dry.  Ifc  has  the 
habit  of  entering  houses  and  buzzing  round  food.  It  is  a  most  useful 
species  as  its  larvae  dispose  of  a  large  number  of  unburied  bodies. 
The  female  front  is  relatively  narrow  (Plate  LXIII,  fig.  8),  the  frontal 
stripe  almost  reaching  the  eyes,  the  face  and  cheeks  are  dark  grey, 
and  the  latter  are  covered  with  dark  hairs. 

Lucilia  pulchra  is  only  of  interest  from  the  fact  that  unlike 
the  common  species  of  Blow  Flies  which  lay  eggs,  it  is  \'iviparous 
tlepositing  one  larva  at  a  time  in  decomposing  animal  matter,  and  in 
human  excrement.  It  is  a  handsome  fly  of  a  sea  greeii  colour  with 
white  dusting  on  the  thorax  and  abdomen.  The  front  is  wide  in  the 
female  (Plate  LXIII,  tig.  9),  the  face  and  cheeks  brilliantly  white  with 
silky  hairs,  and  the  auteuuie  bright  orange.  These  contrasting  colours 
are  so  marked  that  identification  is  easy. 

Lucilia  ballardii  is  another  South  Indian  Blow  Fly  which  lays 
its  eggs  in  decomposing  bodies  of  animals,  and  is  common  about  fish 
curing  factories.  The  female  front  is  wide  (Plate  LXIII,  fig.  10),  the 
face  and  cheeks  dirty  grey  with  brown  hairs. 

Lastly  it  is  imjiortant  to  draw  attention  to  the  differences  between 
the  male.  Vhrijsonujia  megacephala  and  C.  bezziana.  In  both  species, 
the  eyes  are  closely  a2)proximated.  (Plate  LXIII,  figs.  11  and  12.) 
In  the  case  of  megacephala  there  is  a  well  marked  area  about  the  middle 
of  each  eye,  consisting  of  large  lenses,  and  which  is  of  a  bright  red 
colour  in  life.  The  lenses  of  the  eyes  of  the  male  bezziana  are  all 
about  the  same  size  and  are  small ;  the  eyes  are  of  a  dark  red  colour. 
The  drawings  clearly  show  these  differences. 

With  the  help  of  these  coloured  drawings  of  the  front  view  of  the 
heads  of  these  flies.  Veterinary  Officers  should  have  no  difficulty  in 
identifying  the  common  species,  and  in  particular  those  which  cause 
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inviasis.  Sumo  iliHii'ulty  may  ln'  oxiterioiU't'il  in  ilistiii<.'iiis)iini;  tln> 
female,  r.  Itfzziniui  from  the  female  ('.  megucephnUi,  hwX  with  a  little 
practice  in  examininj;  the  heads  of  the  two  species,  and  keeping  in  mind 
the  differences  noted  above,  and  shown  in  the  drawings,  which  are  all 
drawn  to  the  same  scale,  and  from  fresh  specimens.  i<lentification  will 
be  made  easy. 

It  is  not  pc^sible  yet  to  describe  in  detail  the  species  of  Surcophaga 
whose  larvae  cause  myiasis  in  man  and  animals  in  India,  as  these  flies  ha  ve 
not  been  bred  from  their  maggots.  All  the  species  are  extremely  like 
each  other,  and  are  large  grey  flies  with  dark  stripes  on  the  thorax 
and  chequered  markings  on  the  abdomen.  The  species  can  only  be 
separated  by  examining  microscopic  preparations  of  the  external 
genitalia  of  the  male.  I  hope  that  all  Medical  and  Veterinary  Officers, 
who  come  across  the  larvae  of  the.se  flies  in  cases  of  myiasis.  Imth 
cutaneous  and  gastro-inte.stinal,  will  preserve  some  of  the  larvii-  in 
spirit  and  breed  out  others,  carefully  pinning  the  flies. 

The  iDEXTiFic.vTroN  of  theLarv.e  of  the  MviAsis-pRontTixo 
Flies  of  Indt.\. 

The  short  description  and  illustration  of  a  Muscid  larva  or  mapgut 
given  above  should  ertable  any  observer  to  make  certain  he  is  dealing 
with  the  early  stages  of  a  fly. 

It  is  first  neces-sary  to  determine  the  genus  to  which  the  larva  belongs. 
Examine  the  posterior  end  of  a  large  specimen  with  a  hand  lens,  and  if  the 
posterior  spiracles  are  comparatively  large  and  enclosed,  either  in  a 
shallow  cleft,  or  a  deep  hollow  formed  by  the  end  of  the  8th  abdominal 
segment, the  larva  iseitherthatof  aspeciesof  CAr//sr)w//(Vjora  Snrro/ihagn, 
Xext  compre.ss  the  end  from  before  backwards 'so  as  to  draw  the  li|)s 
of  the  slit  back.  In  the  case  of  a  larva  of  a  Chri/somi/ia  the  posterior 
spiracles  at  once  become  visible,  and  they  can  be  seen  as  two  large  some- 
what D-shaped  plates,  with  three  brown  slits  directed  downwards  and 
inwards.  (Text  fig.  8.)  Jn'Sarcophaga 'the  end  of  the  ftth  ab<lominal 
segment  forms  a  deep  hollow  at  the  bottom  of  which  the  spiraciilar  plates 
are  situated  (Text  fig.  9),  and  when  the  end  of  the  larva  is  coni|)ressed, 
they  are  only  partially  visible.  Further  it  will  be  noted  that  the  outer 
pair  of  slits  are  almost  straight,  while  the  inner  ones  are  .slightly  comma- 
shaped  and  directed  outwards  and  downwanls.  Two  other  |x»ints  should 
be  note<l.  The  spines  on  the  segments  of  the  larva  of  SarrophiKin  are 
poorly  developed,  the  larva  is  much  softer,  and  the  anterii>r  spiracles 
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consist  of  about  ten  to  fifteen  and  often  more,  short  finger-like 
processes.  In  the  larva  of  a  Chrysomyia  the  segmental  spines  are  well 
developed,  and  as  a  ride  the  anterior  spiracles  have  only  a  few  processes. 
If,  on  the  other  hand,  on  examining  the  end  of  the  larva,  it  is  noted 
that  the  posterior  spiracles  are  exposed  without  compressing  the  end  of 
the  larva,  and  are  not,  or  only  very  partially,  hidden  in  a  cleft,  and  in 
addition  are  round  or  slightly  pear-shaped,  and  comparatively  small, 
the  larva  belongs  to  a  species  of  Liiciliii.  (Text  fig.  10.) 


Tkxt  Fia.  8— Posterior  end  of  mature  Tkxt  Fig.  9.— Posterior  end  of  mature 

larva  of  C.  bezziana.  larva  of  Sarcophaga. 


'1'rxt  Fig.  10.— Tosterior 
end  of  mature  larva  of 
Lucitia  argyrUephttla, 

Having  decided  that  the  larva  belongs  to  a  species  of  Chri/somyia, 
it  is  next  necessary  to  determine  the  species,  and  this  can  only  be  done 
with  certainty  by  examining  the  ijosterior  spiracles,  cleared  in  caustic 
potash  and  mounted  on  a  slide.  I  have  made  a  number  of  drawings  of  the 
posterior  spiracles  of  the  common  species  of  Chrysomyia  and  Lucilia  from 
such  preparations,  and  all  the  figures  on  Plate  LXIV  are  drawn  to  scale 
with  a  camera  lucida  and  are  magnified  80  times.     If  these  drawings  are 
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carefully  examined,  and  roniparod  with  the  sjiiracles,  as  seen  with  a 
hand  lens,  the  observer  shoulil  luive  ni>  <lirtUnlty  in  determining;  the 
species  to  whieh  the  larva  belongs. 

The  conunonest  larva  which  will  be  found  in  cases  of  niviasis  in  man 
and  animals  will  be  that  of  Chrifsoini/ia  hezziana.  and  it  is  important  to  be 
able  to  di-stinguish  its  larva  from  that  of  the  common  bazaar  species 
Chrysomijin  nwqiicephala.  The  larva  of  bpzziana  is  of  a  creamy  yellow 
colour,  while  that  of  megacephala  is  whiter  and  softer.  The  two  ends 
of  the  larva  of  bezziann  are  usually  much  darker,  especially  the  posterior 
end,  than  those  of  the  larva  of  tuegacephulo,  and  the  belts  of  spines 
are  much  better  developed  ;  the  spines  of  the  larva  of  meyacephala  are 
not  so  prominent.  The  use  of  these  hooks  will  be  made  clear  if  an 
attempt  is  made  to  extract  a  larva  of  bezziana  out  of  the  tissues  by 
pulling  on  it  by  its  posterior  end  with  a  pair  of  forceps.  Considerable 
force  will  be  required  and  as  often  as  not  the  larva  will  be  torn  in  half. 
These  hooks  are,  therefore,  clearly  of  use  in  helping  the  larva  to  remain 
fixed  in  the  tissues  in  which  it  is  feeding,  and  especially  when  in  such 
a  situation  as  the  human  nose. 

Next  examine  the  posterior  end  of  the  larva  and  note  that  the 
posterior  spiracles  are  large  D-shaped  structures,  the  brown  slits  directed 
downwards  and  inwards,  and  the  strip  of  chitin  surrounding  them  is 
wanting  at  the  inner  and  lower  angle.  The  plates  of  the  larva  of  bezziana 
are  smaller,  closer  together,  and  the  slits  shorter  than  tho.se  of  the  larva 
of  megacephala  ;  the  break  in  the  chitin  is  also  smaller.  These  differences 
are  well  shown  in  figures  4  and  5  on  Plate  LXIV.  The  anterior  spiracles 
of  the  larva  of  bezziana  con.sist  of  about  four  or  five  finger-like  processes, 
while  those  of  inegacepliala  always  have  ten  to  a  dozen.  Further  it 
.should  be  noted  that  there  are  several  breaks  in  the  delicate  chitinous 
membrane  between  the  slits  in  the  case  of  the  larva  of  h-zziuna  while 
there  are  none  in  the  case  of  the  larva  of  megacephala. 

The  lar\'a  of  nigriceps  is  very  like  that  of  megacephala  and  may  be 
mi-staken  for  it,  but  the  posterior  spiracles  (Plate  LXIV,  fig.  3)  are 
further  apart,  and  the  slits  slightly  shorter.  There  is  usually  one 
break  in  the  chitin  between  the  inner  and  miildle  slit. 

Thero  shoulcl  l>e  no  difficulty  in  recognising  the  larvae  of  Vhrysomyia 
albiceps  and  C.  rillenettvii.  Both  are  of  a  dark  grey  colour  and  have 
long  fleshy  processes  at  once  distinguishing  them  from  the  smooth, 
somewhat  white,  Iarva>  of  the  other  common  Calliphorino^.  The 
proce.sae.'i  of  the  larva  of  ri/6tc«/)« are  smooth  anil  have  a   tuft  of  dark 
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spines  at  their  apices,  while  those  of  the  larva  of  villeneuvii  ^re  longer 
and  are  covered  with  spines.  These  processes  have  suggested  the 
name  '  hairy  '  often  applied  to  the  larvae  of  alhiceps.  The  posterior 
spiracles  of  both  species  are  surrounded  by  a  broad  plate  of  chitin, 
broader  in  the  larva  of  villeneuvii  than  in  that  of  alhiceps  ;  the  plates 
of  the  former  are  further  apart.     (Plate  LXIV,  figs.   1  and  7.) 

The  larvae  of  species  of  Lucilia  are  smoother  than  those  of  Chrysomyia, 
and,  as  pointed  out  above,  the  posterior  spiracles  are  smaller  and  are  not 
enclosed  in  a  cleft  or  slit  formed  by  the  end  of  the  8th  segment .  They  are 
plainly  visible,  and  it  is  not  necessary  to  compress  the  end  of  the  larva  to 
make  them  more  so.  The  spiracular  plates  are  smaller,  more  circular 
or  pear-shaped,  and  the  chitin  surrounding  them  of  a  lighter  colour, 
narrower,  and  not  interrupted. 

The  posterior  spiracles  of  Lucilia  rirf/i/ricephahi  (Plate  LXIV,  fig.  8), 
the  most  important  myiasis-producing  specie.s  in  India,  are  smaller 
than  those  of  the  larvae  of  any  of  the  other  species  of  Lucilia  I  have  the 
opportunity  of  examining  ;  they  are  much  smaller  than  those  of  the 
larva  of  Lucilia  craggii  (Plate  LXIV,  fig.  1),  thus  affording  a  very 
easy  means  of  separating  the  two. 

It  should  be  remembered  that  the  second  stage  larvae  of  species  of 
Chrysomyia.,  Lucilia  and  SarcopJuiga  can  always  be  recognised  by  iioting 
that  there  are  only  two  slits  in  the  posterior  spiracles  instead  of 
three. 

The  posterior  spiracles  of  the  mature  third  stage  larva  of  the 
common  myiasis-producing  Indian  species  of  Snrcophaga  are  shown 
in  figure  6  of  the  Plate,  and  it  will  be  seen  that  the  slits  are  longer, 
narrower,  and  run  in  a  different  direction  to  those  of  the  larvae  of 
Chrysomyia  or  Lucilia. 

The  larva  of  Aphiochaela  can  be  recognised  by  their  small  size, 
broad  somewhat  flattened  segments,  and  by  their  peculiar  method  of 
progression  which  suggests  that  of  some  butterfly  larvae. 

How  TO  Breed  the  Indiax  Blow  Flies. 

I  have  already  pointed  out  that  the  larvae  of  Chrysomyia  bezziana 
cannot  be  reared  to  maturity  by  placing  them  in  meat,  or  the  dead  body 
f  an  animal.  They  will  only  live  in  living  tissues  and  therefore  it  is 
useijss  attempting  to  breed  them  in  any  inert  organic  matter.  They  can, 
however,  be  easily  raised  if  they  are  placed  in  the  wound  on  the  body  of  an 
animal.     The  larvae  of  Chrysomyia  megacephala,  Lucilia  ar^yricephala, 
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Siircopfutga  and  Aphiochaela  can,  on  tlie  otlior  Imntl.  be  oasilv  mmiimI  tn 
maturity  by  placing;  them  in  tlecayinj;  meat,  etc.  In  carrving  init  sui-li 
experiments  it  slimild  be  rememl)ered  that  when  the  meat  in  whicli  tliev 
are  placed  begins  to  decompose,  otiier  Bh)\v  Flies,  and  particularly' 
s|)ecies  of  Surcophmja,  will  be  attracted  to  it.  and  if  procautioiis  are  not 
taken  to  exclude  tliem  from  laying  their  eggs  or  dejwsiting  their  larvte, 
in  the  meat  or  dead  body  in  which  tlie  myiasis-producing  larvas  were 
placed,  it  will  soon  be  found  that  the  latter  have  disappeared,  or  have 
become  so  mixed  up  with  the  hundreds  of  other  larva*  that  it  will  then  be 
impossible  to  find  them. 

I  have  placed  meat  and  the  dead  bodies  of  animals,  containing 
s|»ecial  larvse  in  various  receptacles,  such  as  jars,  bottles  with  screw  tops 
etc.,  but  it  was  soon  found  that  it  was  impossible  to  exclude  the  larvae  of 
other  Blow  Flies  and  in  particular  those  of  Siiiropluiy<i.  When  the  meat 
is  placed  in  a  screw-top  bottle  on  some  sand,  and  the  lid  perforated  with 
small  holes.  I  found  that  the  female  Sarcophaga  was  able  to  drop  her 
larvae  either  through  the  holes,  or  to  depo.sit  them  near  the  hole,  and 
later  they  were  able  to  find  t  heir  way  in  ;  and  once  the  larvio  of  Surcophaga 
get  into  the  meat,  they  will  soon  destroy  the  myiasis-producing  larvte 
which  one  is  trying  to  rear.  Glass  jars  were  covered  with  glass  lids,  the 
edges  carefully  vaselined.  yet  in  s|)ite  of  this  precaution,  an<l  many 
others,  the  larvae  of  Sarcophaga  eventually  reached  the  meat.  After 
trying  all  these  methods  I  soon  gave  them  up  and  then  tried  another, 
long  ago  recommended  by  Fabrc.  of  enclosing  the  meat  in  numerous  rolls 
of  newspapers  or  in  a  pip,»r  bag.  It  will  be  remembered  that  Fabi6 
suggested  that  the  game  expose<l  for  sale  in  meat  shops,  and  particularly 
pheasants  and  partridges  may  be  protected  from  the  attention  of 
Valliphora  erythnjcephnUt  an<lC'.  vomitoria  by  enclosing  each  bird  in  a 
paper  bag.  Such  bags  are  an  eflfective  barrier  and  no  Blow  Fly  larva)  can 
possibly  get  into  the  contents.  In  this  way  I  have  been  able  to  breed  out 
all  the  common  Indian  Blow  Flies  and  to  study  their  early  stages. 
When  one  is  dealing  with  decomposing  meat  or  a  dead  b<»ly  great  care 
should  be  taken  to  add  fresh  iwipers  when  the  outer  layer  becomes  soaked 
with  the  fiuid  from  decaying  meat  or  body.  If  this  precaution  is 
not  taken  other  flies  will  lay  their  eggs  under  the  paper  and  the  first 
stage  larvae  will  soon  work  their  way  through  the  wet  paper  which 
becomes  in  time  more  or  less  tlissolved. 

If  this  niethfj<l  of  breeding  out  any  of  the  larvae  of  the  I^low  Flies  is 
adopted,  no  difficulty  will  be  experience<l  in  obtaining  all  th'^  stages  from 
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the  egg  to  the  adults.  1  have  laid  out  the  dead  bodies  of  rabbits  and 
watched  the  females  lay  their  eggs,  these  were  then  transferred  to  another 
fresh  body,  which  was  then  carefully  wrajiped  u])  in  numerous  rolls  of 
paper.  It  is  then  quite  easy  to  collect  the  first,  second  and  third  stage 
larva;,  the  puparia  an(l  then  to  hatch  out  the  flies.  As  soon  as  the  larvae 
reach  maturity,  they  eudea\  our  to  crawl  out  of  the  rolls  of  paper,  as  they 
always  prefer  to  puimte  in  earth.  When  it  is  noted  that  they  are  nearly 
mature,  extra  precautions  should  be  taken  to  prevent  them  from  getting 
out  and  crawling  away.  Fresh  paper  should  be  added,  and  the  whole  'Ck 
carefully  tied  on.  It  will  then  be  found  that  they  will  pupatein  the  rolls 
and  the  puparia  can  later  be  removed  and  placed  in  tubes,  not  more 
than  two  or  three  in  each.  In  a  few  days  the  fhes  will  hatch  out  and  they 
should  be  left  for  24  to  36  hours  in  order  to  allow  their  wings  to  stretch, 
and  their  bodies  to  harden.  They  should  now  be  transferred  to  a  killing 
bottle  and  later  pinned. 

Specimens  of  mature  larv.e  when  recovered  from  cases  of  myiasis 
should  be  preserved  by  drop])ing  them  in  boiling  water ;  they  stretch 
out,  and  later  they  can  be  placed  in  a  tube  with  80  per  cent  alcohol  in 
which  they  harden.  Some  of  the  puparia  should  also  be  placed  in  the 
spirit  with  the  larvae.  When  the  flies  hatch  out,  they  should  be  pinned 
along  with  their  puparia. 

It  is  of  the  utmost  importance  to  try  and  rear  all  specimens  of 
Sarcophaga  larvae,  first  preserving  a  few  in  alcohol.  The  majority  should 
be  placed  on  a  piece  of  meat  which  should  be  wrapped  up  in  rolls  of  paper, 
as  described  above,  and  the  utmost  precautions  should  be  taken  to  prevent 
any  other  larvae  from  getting  into  the  meat  or  body.  If  this  were  done 
in  every  case  of  myiasis  caused  by  the  larvae  of  Sarcophaga,  we  would 
soon  be  in  a  position  to  recognise  their  larvae  and  to  determine  the 
species  accurately.  It  should  be  remembered  that  the  species  of 
Sarcophaga  can  only  be  determined  by  examining  the  males  and  it  is 
therefore  important  to  pin  as  many  specimens  of  the  adults  as 
possible. 

The  larvae  of  Aphiochaeta  can  be  easily  bred  in  decaying  meat,  or  in 
the  body  of  a  dead  insect.  Here  again,  larvae,  puparia,  and  adult  flies 
should  be  preserved  in  80  per  cent  alcohol  ;  it  is  always  better  to  place 
the  flies  in  spirit  than  to  attempt  to  pin  them  owing  to  their  sm^U  size. 

The  larvae  of  the  Oestridae,  and  there  are  not  many  in  India,  can 
always  be  recognised  by  their  large  size,  squat  appearance,  soft  folded 
skins,  and  by  the  well  developed  black  spines  on  their  bodies.     They  are 
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fotiiiil  eitlit'r  iimlff  tin-  .skin  (//'//Wf/»i><)  nf  Miiiiiials.  siicli  us  ;;iMit.s. 
mul  rattlp.  in  tlip  nasal  cnvitios  [Orstrnn  oris  in  shoop  and  ijoats  anil 
Cfphahpsi*  titiHatnr  in  tho  ranicl).  or  in  the  stomachs  of  horsrs 
{Gaslcrophihis  u>fexfii>iili.<s).  anil  clt-phanfs  {Cohhnldin  eh  pint  nt  Is).  It 
should  always  b«»  rfmemhonvl  that  these  larv.T  when  squeezed  out  df 
the  skins  of  their  hosts,  or  when  removed  post-mortem  from  the  nasal 
cavities  and  stomach  will  never  pupate,  hut  invariably  die  when  placed 
in  earth  no  matter  what  care  is  taken  :  this  is  siin])lv  due  to  the 
fact  that  thev  are  not  niature,  an«l  are  therefore  not  ready  to  leave 
the  aninwl  host  and  |>upate.  All  larvjp  removed  in  this  wav  should  l>f> 
at  once  preservdl  in  alcohol,  it  is  mere  waste  of  time  tryinjj  to  kee|> 
them  alive. 

These  Rot  and  Warble  fly  larvae,  when  mature,  leave  their  hosts 
either  bv  crawlinji  out  of  the  skin,  nasal  ca^^tie8  or  are  passed  out  in  the 
excreta  of  the  animal.  Such  larvse  if  jWaced  in  a  cigarette  tin  in  some 
damp  earth,  will  pupate  ;  they  should,  however,  be  handled  as  little  as 
possible,  and  it  is  best  to  fill  the  tin  with  earth  and  place  them  on  it, and 
allow  thenj  to  burrow  in.  Small  air  holes  should  be  made  in  the  lid 
of  the  tin  and  it  should  be  placed  in  a  dark  place  where  no  ants,  etc., 
can  reach  the  larvae.  .\s.so(m  as  they  have  contracted  uj)  and  hardened 
their  outer  skins  becoming  dark  brown,  now  place  them  in  a  tin  with  a 
little  earth  and  watch  them  for  the  flies  to  hatch  out.  These  .should 
be  transferred  to  a  tube  and  allowed  to  harden  and  then  ran  later 
he  pinnefl  with  their  puparia. 

Veterinarv  Officers  in  India  have  many  opportunities  of  studying 
the  mviasis-producing  flies  and  their  la rva».  I  trust  that  those  who 
have  to  deal  with  elephants  will  endeavourto  work  out  the  life  history  of 
Cobholdtn  clephnnflx.  and  collect  the  larva  from  the  e.xcreta  of  the 
elephant  and  hatch  out  the  flies.  I  will  be  glad  to  identify  any  material 
bearing  on  this  subject,  and  will  give  any  officer  who  is  interested  in  the 
subject  any  further  information.  The  material  should  be  sent  to  meat 
the  Zoological  Department.  Edinburgh  University. 
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In  Part  I  of  tLis  series  of  papers  I  described  and  illustrated  in  some 
detail  Chrysomyia  hezziana  Vill.,  in  all  its  stages,  and  gave  a  few  notes  on 
40  cases  of  myiasis  in  man  and  animals  caused  by  its  larvae.  It  will  be 
remembered  that  I  pointed  out  that  this  Calliphorine  only  breeds  in 
iivMig  tissues,  and  is  therefore  one  of  the  specific  myiasis-producing 
flies  of  India.  It  is  widely  distributed  in  India,  Burma,  Assam  and 
Ceylon  and  is  found  at  altitudes  of  6,000  feet. 

Previous  to  these  observations,  C.  bezziann  was  only  known  from 
the  Ethiopian  Region  hav-ing  been  recorded  from  the  Upper  Ivory 
Coast  by  Bouet  and  Roubaud,  from  the  Belgian  Congo  by  Rovere, 
anil  from  French  Upper  Guinea  by  Joyeux.  In  Africa,  according 
to  these  observers,  the  larvae  of  this  flv  cause  myiasis  in  the  larger 
animals,  chiefly  cattle,  though  Joyeux  records  them  from  a  case  of 
myiasis  in  a  horse. 

(     654     ) 
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Rovere  has  described  the  life  history  of  bezziana.  He  states  tiiat  t  lie 
female  fly  lays  from  70  to  95  egfjs  on  the  skin  of  cattle  whore  tliere  is 
some  mucus.  The  larva?  hatch  in  from  18  to  21  hours,  penetrate  the 
unbmken  skin  down  to  the  subcutaneous  tissues  and  there  undergo 
their  development  :  when  mature  they  crawl  out  and  pupate  in  the 
ground. 

Rovere's  observations  on  the  method  of  oviposition,  and  the 
number  of  eggs  laid  by  the  female  bezziana,  do  not,  however,  accord 
with  mine  in  India.  I  have  already  recorded  the  finding  of  a  mass  of 
:58t)  eggs  of  this  Hy  on  a  piece  of  lint  on  a  foul  ulcer  (Part  1.  Case  10). 
Since  then  I  have  had  sent  me  a  nia.ss  of  'y22  eggs  which  were  laid  on 
an  oj)en  sore  on  the  left  elbow  of  a  patient  (Case  41  below),  and  all 
the  first  stage  larva;  which  had  hatched  out  from  a  mass  of  eggs  laid 
on  a  sore  on  the  hip  of  a  bull  calf  (Case  59).  The  mass  of  eggs  was 
removed  from  the  .sore  and  placed  in  a  tube  and  when  the  larvaa 
hatched  the  tube  was  filled  with  80  percent  alcohol. 

The.sc  observations  and  specimens  clearly  demonstrate  the  fact 
that  the  female  bezziana  in  India  lays  many  hundreds  of  eggs  all  in  a 
ma.ss  directly  on  the  disea.sed  ti.ssues.  I  think,  therefore,  that  there 
can  be  very  little  doubt  that  the  small  number  of  eggs  recorded 
by  Rovere  can  only  mean  that  the  fly  was  disturbed  in  the  act  of 
o\nposition.  and  did  not  lay  the  full  number  of  eggs.  Further  it 
should  be  noted  that  Rovere  states  he  found  the  eggs  on  the  unbroken 
skin,  a  most  unu.sual  site.  If  the  female  bezziana  lays  its  eggs  on  the 
unbroken  skin  of  animals,  there  should  be  no  limit  to  its  numbers  in 
Africa,  and  it  should  be  a  much  more  serious  pest  than  it  is  known 
to  be  at  present. 

In  India  bezziana  only  Uys  its  eggs  on,  or  near,  diseased  tissues, 
being  attracted  by  the  odour  of  a  foul  discharge,  on  which  the  fly  most 
probably  feeds.  I  have  little  doubt  that  the  observations  recorded 
bv  Rovere  represent  some  unusual  method  of  oviposition  of  bezziana 
in  Africa,  and  that  there,  as  in  India,  it  usually  lays  its  eggs  on  some 
pre-existing  sore.  The  observations  of  Roubaud  and  van  Siiceghem 
support  this  \'iew  for  they  found  that  at  Zinibi  in  the  Belgian  Congo, 
the  larvae  of  bezziana  were  always  found  in  a  pre-existing  sore.  It 
therefore  seems  highly  desirable  that  further  observations  im  the  life 
history  of  bezziana  should  be  made  in  Africa. 

Although  bezziana  has  up  to  the  present  not  been  recorrlnd  from 
Central,  South,  or  East  Africa,  1  believe  the  larvro  recorded  by  Jack 
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from  myiasis  in  cattle  in  Rhodesia  belong  to  this  fly.  Aders  records 
it^  larvae  from  sores  in  cattle  in  Zanzibar.  It  is  of  some  interest 
to  note  that  the  larva-  of  bezziana  have  only  been  recorded  from 
animals  in  Africa,  and  as  far  as  lam  aware  they  have  never  been  found 
in  man.  In  India,  on  the  other  hand,  bezziana  appears  to  be  the 
only  (.lalli]jhorine  which  causes  myiasis  in  man,  and  it  is  extremely 
CO  union. 

'Purning  now  to  India  and  adjacent  parts,  I  find  that  there  are  many 
ret  ords  of  the  larvaj  of  bezziana  from  human  cases  of  myiasis.  Most  of 
t  hem  have  been  recorded  in  the  Indian  Medical  Gazette,  and  unfortunately 
I  am  unable  at  present  to  consult  a  complete  set  of  tliis  journal,  and  can 
only  refer  to  a  few  of  the  cases,  some  of  which  are,  however,  worth  noting. 
It  should  be  mentioned  that  bezziana  in  India  has  been  confused  with 
Cochliomyia  macellaria,  Chri/somyia  megacephala  and  C.  flaviceps. 
There  can  be  very  little  doubt  from  a  perusal  of  the  descriptions  of 
the  larvue  and  the  illustrations  accompanj'ing  these  cases,  that  in  each 
case  the  observer  was  dealing  with  Chri/somyia  bezziana. 

Powell  records  five  cases  of  myiasis  of  the  nose  and  accessory  sinuses 
caused  by  the  larvje  of  bezziana  ;  three  of  the  cases  proved  fatal.  Chetti 
records  a  case  of  nasal  myiasis  in  an  adult  male  from  Bassein,  Burma. 
The  crude  drawings  of  the  larva  leave  no  doubt  that  it  is  tliat  of  bezziana. 
Patterson  records  a  remarkable  case  from  Tezpur,  Assam,  in  a 
debilitated  cooly  woman  which  proved  fatal.  The  whole  of  the  nose 
sloughed  away  and  the  eyes  were  destroyed  before  death.  Ijarge 
numbers  of  larvse  were  collected  from  the  nose  and  accessory  sinuses. 
The  description  au<l  figures  of  the  larva  exactly  correspond  to  those  of 
bezziana. 

Cameron  records  two  cases  of  nasal  myiasis  from  the  Punjab  and  his 
description  of  the  larva  shews  that  it  was  that  of  bezziana.  Lastly  Riley 
records  two  cases  of  myiasis  from  Behar,  the  larva  and  the  fly  are 
described  by  the  late  Mr.  Howlett,  and  his  descriptions  leave  no 
doubt  that  the  fly  was  Chrysoniyia  bezziana.  Riley  is  wrongly  under 
the  impression  that  the  fly  is  viviparous.  Further  he  states  that, 
'  when  grown  experimentally  on  decomposing  meat,  placed  on  dry 
sand,  the  young  larvae  were  noticed  to  feed  ravenously  on  the  meat 
soon  after  birth  and  to  grow  with  amazing  rapidity  until  thej'  were 
fully  developed.'  In  this  connection  it  should  be  noted  that  the 
author  does  not  mention  how  lie  excluded  other  Blow  Flies  from 
ovipositing  on  the  meat,  and  in  particidar  in  preventing  Sarcophaga 
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from  depositing  its  larvse.  In  my  own  experimeuta  with  the  firbt 
stage  larva?  of  fteriw/ii,  I  failed  to  rear  a  single  one  to  maturity,  and 
they  all  died,  even  thougli  some  were  placed  in  the  bodv  of  a  recently 
dead  rabbit.  Nor  have  I  succeeded  in  rearing  the  second  stage  larvte 
by  placing  them  in  the  bodies  of  freshly  killed  rabbits,  in  fresh 
meat,  or  in  the  decomposing  bodies  of  nibbits.  Further,  in  these 
experiments  it  was  e.vtremely  difficult  to  exclutle  other  Blow  Flies 
from  depositing  their  eggs  near  and  on  the  meat,  etc.,  and  almost 
impossible  to  prevent  the  iarvte  of  Sarcophaga  from  reaching  it,  no 
matter  in  what  .sort  of  receptacle  the  meat  or  rabbit's  body  was 
placed.  I  have  already  pointed  out  that  the  only  way  to  breed  any 
]>articular  larva  is  by  placing  the  meat  or  body  in  numerous  rolls 
of  paper.  I  am,  therefore,  forced  to  doubt  Riley's  observations 
on  the  rearing  of  first  stage  larvaj  of  bezziana  in  decomposing  meat.  I 
have  never  been  able  to  breed  bezziana  in  nature  by  exposing  freshly 
killed  animals,  fresh  meat,  or  decomposing  bodies,  nor  have  I  ever 
seen  the  dy  in  nature.  It  is  true  I  have  reared  a  few  small  third  stage 
larvae  by  placing  them  in  meat  and  the  bodies  of  rabbits,  but  here  it  was 
noted  that  the  larvae  made  no  attempt  to  feed,  but  soon  crawled  into 
the  sand  under  the  body  or  meat  and  pupated.  The  puparia  were 
always  small,  and  from  the  majority  no  flies  hatched.  In  my  opinion 
Chnjsoinyi'i  bezziana  never  breeds  in  any  decomposing  animal  matter 
in  nature,  in  India,  but  only  in  living  tis.sues. 

These  represent  some  of  the  more  important  records  of  cases  of 
nasal  myiasis  in  India  caused  by  the  larvae  of  bezziana.  I  hope  on 
another  occasion  trt  collect  all  these  cases  together  and  to  publish  a 
complete  list. 

I  will  now  give  some  short  notes  of  a  further  series  of  cases  of 
myiasis  in  man  and  animals  from  which  I  have  had  the  larva)  or 
puparia  of  bezziana  sent  me.  The  numbers  are  continued  from  Part  1 
of  this  series  of  notes. 

Hi'M.VN  MYr.vsis. 

Case  25. — A  number  of  dead  larvaj  were  sent  by  Sub-Assistant 
Surgeon  Khunar  Pra.sad,  Kheli,  Saugor  District,  C.  P.,  from  a  sloughing 
ulcer  on  the  external  orbit  of  a  female  patient. 

Case  26. — A  number  of  young  third  stage  larvaj  in  alcohol  were 
sent  by  Sub-Assistant  Surgeon  Kam  C'hand,  Jajjar  Dispcn.tary,  ithotak, 
Punjab,  collected  from  the  internal  ear  of  a  youth  aged  18.     The  patient 


658  Some  Notes  oh  Indian  Calliphorinae. 

said  an  ant  had  crawled  into  his  ear,  and  he  had  it  syringed  out  by 
a  native  doctor,  when  a  quantity  of  blood-stained  fluid  came  from 
the  ear.  On  examination  15  days  later  there  were  many  larvee  in  the 
internal  ear.  The  patient  complained  of  a  creeping  sensation  in 
the  ear. 

Case  27. — A  number  of  living  third  stage  larvae  were  sent  by  Sub- 
Assistant  Surgeon  Ram  Ghand,  Jajjar  Dispensary,  taken  from  the  nose 
of  a  female  patient  aged  30.  The  patient  stated  that  11  days 
previously  she  had  a  discharge  from  the  nose,  and  that  flies  sat  on 
and  around  the  nose.  Her  whole  face  was  swollen,  and  there  was  a 
purulent  discharge  from  the  nostrils.  Many  maggots  were  removed 
from  the  nose  and  several  crawled  out  of  their  own  accord. 

Case  28. — A  number  of  living  larvae,  and  several  preserved  in  spirit, 
were  sent  by  Dr.  Asana.  Civil  Surgeon,  Kaira,  Bombay,  taken  from  iin 
abscess  on  the  scalp  of  a  girl  aged  10  years. 

Case  29. — Several  living  larvae,  and  others  preserved  in  spirit,  were 
sent  by  Major  H.  P.  Cook,  Civil  Surgeon,  Moradabad,  U.  P.,  collected 
from  a  septic  wound  on  the  face  of  a  patient. 

Case  30. — A  number  of  puparia  of  bezziana  were  sent  by  Dr.  S.  Subba 
Rao,  District  Medical  Officer,  Shimoga,  Mysore,  the  larvie  having  been 
collected  from  a  sloughing  \dcer  on  the  scrotum  of  a  patient. 

Case  31. — Some  li\'ing  larvae  and  others  preserved  in  .spirit 
were  sent  by  Sub-Assistant  Surgeon  Sanjiva  Rao,  Local  Fund  Dispensary, 
Valavanur.  from  a  chronic  ulcer  on  the  right  temple  of  a  female  child 
aged  lyear.  The  ulcer  was  of  two  months'  duration,  and  had  a  large 
pocket  on  its  lower  and  front  aispect  in  which  the  larvae  were  found. 

Case  32. — A  number  of  hatched  flies  and  jjuparia,  as  well  as 
larvae  in  spirit,  were  sent  by  Sub- Assistant  Surgeon  Jivan  Lai,  Jampur 
Dispensary,  Dehra  Ghazi  Khan  District,  Punjab,  the  larvae  having 
been  collected  from  a  sloughing  ulcer  on  the  penis  of  a  boy 
aged  6  years.  The  boy  had  been  circumcised  by  a  native  quack  15 
days  before.  The  wound  became  infected  and  a  sloughing  ulcer  formed  at 
the  end  of  the  penis  ;  flies  were  said  to  have  swarmed  around  it,  and  a 
female  bezziana  must  have  laid  its  eggs  on  the  ulcer.  When  admitted  to 
thehospital,  the  patient  had  a  foul  smelling  ulcer  involvingthe  whole  of 
the  penis,  and  extending  1"  into  the  surrounding  tissues.  The  scrotum 
and  pubis  were  oedematous,  and  the  soft  parts  around  the  end  of 
the  penis  destroyed  ;  the  urethra,  however,  was  intact.  The  ulcer  was 
full  of  larvffiof  bezziana,  and  several  hundreds  were  removed. 
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Cast  33. — A  uumber  of  puparia  of  bezzinna  were  rocoivcd  from  the 
Superintendeut  of  the  King  George's  Hospital,  I^iukiiow.  The  larva- 
were  removed  from  the  nose  of  a  male  patient  aged  15. 

Case  34. — A  number  of  dead  larva\  and  two  Hies  which  iiad  hatrhod 
in  the  pjinel,  were  sent  by  Assi.stant-Surgeou  II.  P.  Datta,  .m.h.,  Main 
Hospital,  Narsinttiipur,  C.P.,  collected  from  the  vagina  of  a  fcmalo 
piitient  who  complained  of  difficulty  in  micturition. 

Case  35. — A  number  of  puparia  of  bezzinnii  were  received  from 
Sub-A.ssistant  Surgeon  Perlaram,  Han.si  Dispensary,  Hissar  District, 
Punjab,  the  larvae  having  been  collected  from  the  nose  of  a  patient. 

Case  36. — A  number  of  larvse  preserved  in  spirit  were  sent  by  Rao 
B:ihadur  W.  V.  Kane.  l.M.  &S..  t'ivil  Surgeon.  Nimar,  Khandwa.  C.P., 
collected  from  the  nose  of  a  patient  suffering  from  ozena. 

Case  37. — A  number  of  living  larva?  of  bezzinna  were  sent  i>v  Rao 
Bahadur  \V.  V.  Kane.  l.M.  &  s..  collected  from  a  sloughing  wound  in  the 
perineum,  probably  following  an  absce.ss.  It  is  interesting  to  note  that 
the  larvae  of  Aphiochnela  xanthimt  were  also  .sent  with  the 
larvx  of  bezziann. 

Case  38. — A  number  of  dead  larva?  were  received  from  Dr.  S.  Subba 
Rao,  District  Medical  Officer,  Shimoga.  My.sore.  collecled  from  a 
sloughing  ulcer  on  the  ilorsum  of  the  right  foot,  near  the  great  toe.  of  a 
patient  aged  3(t. 

('ase  39.  -Fifteen  puparia  of  hezzinua  were  si?nt  by  Dr.  Asana,  Civil 
Surgeon.  Kaira.  Bonibnv.  the  larvje  being  removed  from  the  nose  of  a 
female  patient. 

Case  40.— A  number  of  pu|Mria.  .some  flies  and  specimens  of 
larvto  preserved  in  alcohol,  were  sen*  by  Dr.  Syed  Mohammed  Shaffigur, 
Medical  Officer  in  charge  of  Arwal  Dispen.sary,  Oaya  District,  Bihar  and 
Ori.'isa,  taken  from  a  gangrenous  sore  on  the  knee  of  an  insane  person 
aged  25  :  the  sore  had  been  left  without  a  dressing  for  .some  time. 

Case  41. — A  ma-'is  of  52'J  eggs  of  bezzinna  |)reserved  in  alcohol  were 
.sent  by  .Major  S.  Singh,  I. M.S..  CiN-il  Surgeon,  .fullundur.  removed  from  an 
o|)en  sore  on  the  left  elbow  of  a  patient. 

Case  42. — k  few  dead  larva*  of  hrzziatin  were  sent  by  .Major  l>. 
Shcriiton- Baker,  I.M.8..  .Medical  Officer  in  charge  of  Kinn  Kdward  VII 
Memorial  Hospital,  Scfundenibad.  Deccan,  colle<-teil  from  a  case  r»f 
cancer  of  the  cheek. 

Case  13. — Some  living  larv,T.  ot  hers  preserved  in  alcohol,  and  several 
puparia,    were    sent    by  Sub-A39i.staat  Surgeon  U.   Ilamanujaswaray, 
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Bellaiy,  the  larvae  having  been  collected  from  an  ulcer  on  the  middle 
of  the  left  frontal  bone  of  a  female  child  aged  8  years. 

Case  44. — A  number  of  puparia  were  received  from  Major  F.  \V- 
Summers,  i  .M.S.,  Civil  Surgeon,  Cawnpore.  U.P.  The  larvte  were  collected 
Ironi  au  ulcer  on  the  body  of  a  patient. 

Cane -io. — A  number  of  dead  larvae  and  jjuparia  were  received  from 
the  Civil  Surgeon,  Aligarh.  U.P.,  thelarvfe  ha\'ing  been  collected  from 
the  mouth  of  a  patient  who  had  gingi^'itis,  and  who  had  to  keep  his 
mouth  open.  A  female  bezziami  had  evidently  oviposited  on  the 
gums. 

Vase  40. — A  number  of  young  third  stage  larva'  were  received 
from  Major  C.  A.  Gourlay,  Superintendent,  Campbell  Medical  School 
and  Hospital,  Calcutta,  collected  from  a  septic  ulcer  on  the  foot  of  a 
patient. 

Case  47. — A  number  of  dead  third  stage  larvae  were  received  from 
Dr.  A.  Reid,  Mokameh  Dispensary,  Patua,  Bihar,  collected  from  an 
unhealthy  sore  on  the  great  toe  of  a  man  aged  40  years. 

Vase  48. — A  number  of  dead  third  stage  larvae  were  received 
from  the  Medical  Officer  in  charge,  King  Edward  VII  Hospital, 
Benares,  collected  from  the  nose  of  a  male  patient  aged  60,  who 
had  a  purulent  discharge  from  his  nose  for  a  long  time.  It  was  a 
typical  case  of  nasal  myiasis  with  swelling  of  the  nose  and  accessory 
sinuses. 

Case  49.  -A  lew  dead  larvae  were  received  from  Sub-Assistant 
Surgeon  Ali  Mohamed,  Phalia  Dispensary,  Gujarat  District,  Punjab, 
collected  from  the  external  ear  of  a  girl  aged  (i  years,  who  had  recently 
had  them  pierced  for  ear-rings. 

Vase  50. — A  few  dead  larvae  were  received  from  Sub-Assistaut 
Surgeon  M.  A.  Khan,  Gopalgauj,  Saran  District,  Bihar  and  Orissa, 
collected  from  a  sore  on  the  thumb  of  a  patient. 

Vase  51. — A  male  V.  bezziana  was  sent  by  Major  Froilano  de  Mello, 
Professor  of  Bacteriology,  Medical  School,  Novo  Goa,  Portuguese  India, 
bred  out  from  a  larva  obtained  from  a  large  syphilitic  ulcer  on  the  right 
malleolus  of  a  patient  in  the  Military  Hospital.  The  ulcer  spread  across 
the  foot' to  the  other  malleolus.  The  tissues  were  extensivelv  destroyed, 
almost  to  the  bone. 

Vase  52. — A  number  ol  living  larva;  were  sent  by  Sub-Assi.stant 
Surgeon  Syed  Ahmed  Ali,  Hatta  Dispensary,  Damoh  District,  C.P., 
collected  from  an  ulcer  on  the  scalp  of  a  boy. 
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Co^e  53.  —A  number  nf  living  lurvii'  of  fH-zzioitu  wen-  sent  bv  I  he  same 
observer  from  a  larjje  ulrer  on  the  hip  of  a  piinper  who  died  5  days  after 
admission. 

Case  54.  -A  number  of  puparia  were  received  from  Lieut. -Col. 
-Muri.son,  i.m.S..  Civil  Surgeon.  Belganm.  Bombay,  the  lurvie  having  been 
collected  from  a  septic  wound  around  the  eye  of  a  patient. 

Case  55.  A  numberof  larvjeof  bezziaiui,  preserved  in  alcohol,  were 
sent  by  Sub-Assistant  Surgeon  P.  Audinarayaiuuuurthy,  Local  Fund 
Hospital.  Koraput.  collected  from  an  extensive  burn  on  the  chest  of 
a  woman  aged  30. 

Case  oG. — A  second  stage  larva  of  bezziana.  mounted  on  a  slide,  was 
given  me  by  Mr.  Senior  White,  k.e.s.,  .Matale.  Ceylon.  The  larva  had 
been  removed  from  the  internal  ear  of  a  child  in  .Matale  llos|)ital. 
Ceylon. 

Case  57.- -A  number  of  small  living  third  stage  larvic  of  bezziaiia  and 
.some  mature  larva;  of  Aphiochaeta  xaiilhiiia  were  sent  by  Sub-A.s.si.staut 
Surgeon  Boishab  Charan  Salen.  Phulbani.  Orissa,  collected  from  an 
ulcer  on  the  .scalp  of  a  small  boy.  .\  pimple  which  ha<l  burst  was  left 
without  treatment,  with  the  result  that  the  females  of  Ix-zziaiia  and 
xinthina  dejxj.siteil  their  eggs  on  the  ulcer. 

Case  58.  -I.Kirva;  of  bezziana,  ])reserved  in  spirit  and  formalin,  and 
others  alive  were  sent  by  .Major  H.  K.  Wright,  i.m..s..  Superintendent, 
(rovernment  Ophthalmic  Hospital.  .Madras,  collected  from  an  ulcer  in  the 
region  of  tlie  frontal  sinuses  anil  orbit  of  a  female  patient  aged  about 
30.     Tlus  case  has  been  fully  recorded  in  the  Indian  Mediral  Gazette. 

Cote  59. — ^A  large  number  of  mature  larva;  of  bezziana  preserved  in 
.spirit  and  a  number  which  had  pupated  on  the  journey  were  sent  by 
Captain  J.  .\.  F.  Harvey,  I.M.D.,CiviI  Surgeon,  Danioh.  'I'lie  larva;  were 
coIlecte<l  bv  the  .Assistant -Surgeon.  .Main  H(>s|>ital.  IJamoh,  Central 
Provinces,  from  septic  wounds  oi\  the  liead.  face,  and  ear  of  a  woman  who 
had  been  attacked  by  a  wild  bejir  on  the  17th  Decendjer,  192<l.  The 
bear  had  evidently  torn  off  the  nose  and  most  of  the  cheeks  exposing  the 
bonett,  the  wound  communicating  directly  with  the  frontal  sinuses.  A 
female  bezziana  had  been  attracted  by  the  .septic  nature  of  the  wounds 
anil  the  larva;  ma«|e  their  appearance  on  Jtith  Decendier.  \'J'2i>. 

.\mmm.  M  VI  a -is, 
L'ate    17.     A    number   of   puparia    were    received    fioni    NeteriiiarV 
.\ssistant     L.     Auilinaryyanaswami,     liusselkonda.    Hanjam    District, 
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Madras,  the  larvae  having  been  collected  from  a  sore  on  the  back  of  a 
bull  buffalo. 

Case  18. — Pujjaria  were  received  from  the  same  observer,  the 
larvse  of  which  were  collected  from  a  cancerous  uJcer  on  the  vulva 
of  a  cow. 

Case  19. — One  dead  larva  and  several  |)uparia  were  received  from 
Mr.  B.  B.  Joshi,  Veterinary  Officer  in  charge,  Public  Veterinary  Hospital, 
Bhamburda,  Poona.     The  larvae  were  collected  from  sores  on  a  cow. 

Case  20. — A  number  of  living  larvse,  and  others  preserved  in  alcohol, 
were  received  from  Veterinarj'  Assistant  A.  C.  Rantna,  Cuttack,  Bihar 
and  Orissa,  collected  from  the  base  of  a  broken  horn  of  a  cow. 

Case  21. — A  number  of  puparia  were  received  from  Veterinary 
Assistant  M.  A.  Merchant,  Surat,  Bombay.  The  larvse  were  collected 
from  an  ulcer  on  the  neck  of  a  bullock. 

Case  22. — A  number  of  living  larvse  and  puparia  were  received  from 
N.  Muniappa,  Veterinary  Officer,  Veterinary  Hospital,  Saidapet, 
Chingleput  District,  Madras.  The  larvse  were  collected  from  a  wound 
following  the  removal  of  a  fibrous  tumour  on  the  neck  of  a  bullock. 

Case  23. — A  number  of  living  larvse  were  received  from  the 
Veterinary  As.sistant,  Veterinary  Hospital,  ISTegapatam,  Tanjore 
District,  Madras,  collected  from  a  wound  on  the  body  of  a  bullock. 

Case  24. — Two  living  larvse,  others  dead,  and  several  puparia,  were 
received  from  Mr.  B.  B.  Joshi,  Veterinary  Officer  in  charge.  Public 
Veterinary  Hospital,  Bhamburda,  Poona,  Bombay.  The  larvse  were 
collected  from  wounds  on  cattle  brought  for  treatment  to  the  hospital. 

Case  25. — Living  and  preserved  larvse,  as  well  as  puparia,  were 
received  from  Veterinary  Assistant  M.  G.  Kulkarni,  Belgaum.  The 
larva;  were  collected  from  a  wound  on  the  body  of  a  dog. 

Case  26. — A  large  number  of  dead  larvse  and  living  puparia  were 
received  from  the  Veterinary  Assistant,  Cuddalore,  South  Arcot- 
District,  Madras,  The  larvae  were  collected  from  the  vagina  of  a  cow  ; 
they  had  burrowed  deeply  into  the  vaginal  wall. 

Case  27. — A  number  of  dead  larvas  were  received  from  Veterinary 
Assistant  R.  Jayaram,  Bezwada,  Kistna  District,  Madras,  collected 
from  a  wound  on  the  neck  of  a  bull  following  the  removal  of  a  tumour. 

Case  28. — A  number  of  third  stage  living  larvse  and  many  second 
stage  in  spirit  were  received  from  T.  R.  Khildar,  Veterinary  Assistant, 
Pandharpur,  Shola pur  District,  Bombay,  collected  from  the  eyeball  of  a 
cow..    The  animal  had  a  papillonui  of  the  eye  which  evidently  ulcerated 
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and  attracted  a  female  beuiana.  Tho  larvio  l)urrowe(l  into  tlie 
eyeball,  completely  destroying  it. 

Case  29. — A  number  of  second  stage  larvae  of  bezzianti  in  .s])irit  were 
sent  by  Mr.  B.  B.  .Toshi,  Poona,  collected  from  the  broken  horn  of  a 
bullock. 

Case  30. — A  number  of  li\nng  third  .stage  larvae  were  receiveil  from 
Veterinary  Assistant  V.  V.  Di.xon,  Veterinary  Hos|iita!,  Ahmedabiid, 
collected  from  a  wound  near  the  anus  of  a  tlog. 

Case  31. -^A  number  of  larvte,  preserved  in  spirit,  were  .sent  by 
Veterinary  A.ssi8tant  B.  B.  Patel,  Bulsar,  Surat,  Bombay,  collected 
from  wounds  on  a    cow  and  from  the  penis  sheath  of  a  horse. 

Case  32. — A  number  of  dead  larvie  received  from  Veterinary 
Assistant  Viswanath  Sastri,  Berhampore.  Ganjam.  .Madras,  collected 
from  a  girth  wound  on  an  aged  ilonkey. 

Case  33.-  -Two  dead  larva?  of  bezziaiia  were  received  from  Veterinary 
Assistant  M.  R.  Tagore.  Savada.  East  Khnndesh,  Bombay,  taken  from  a 
woujid  on  the  neck  of  a  bullock.  It  is  interesting  to  note  that  a  number 
of  lars'aeof  Aphiochaela  xni\lhinii  were  sent  from  the  same  case. 

Case  34. — A  number  of  dead  larvte,  others  preserved  in  spirit,  and  a 
number  of  dead  specimens  of  adults  of  bezziann,  were  received 
from  the  Veterinary  A.ssistant,  Godhra,  Panch-Mahals  District,  Bombay, 
collected  from  a  wound  on  the  chest  of  a  heifer. 

Case  35.  -A  number  of  dead  larvae  and  puparia  of  bezzxtnti  were 
sent  by  Veterinary  A.ssistant  J.  Stewart,  Purulia,  Bihar  and  Orissa. 
The  iarva;  were  collected  from  an  open  wound  on  the  body  of  a  I'ullot  k. 

Case  36. — A  number  of  mature  living  larva;  were  received  from  V.  K . 
Shetty,  Veterinary  Assistant,  Baramati,  Poona,  collected  from  a  wound 
on  the  external  surface  of  the  right  thigh  of  a  dog. 

Case  37.— A  number  of  larva?  were  .sent  by  Veterinary  .\ssistant, 
Uharwar,  Bombay,  collected  from  a  wound  on  the  body  of  a   bulTalo. 

Case  38. — X  number  of  <lead  larvte  were  received  fmrn  the  same 
observer,  from  a  wound  on  the  body  of  a  cow. 

Case  3t». — -Dead  larv.e  were  sent  bv  the  same  ol/scrv  i-r  from  a  wound 
on  the  body  of  a  cow. 

Case  !0.  -  A  number  of  living  larvie  were  sent  bv  tlif  -ame  ob.scrver 
from  a  yoke  gall  on  a  bullock. 

Case  41. — A  number  of  puparia  were  receiveil  from  the  same 
observer,  the  larva>  having  been  collected  from  a  wound  on  tho  Ik'cI 
of  a  cow  ImfTalo. 
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Case  t2. — A  uumber  of  dead  larvaj  were  received  from  the  Veterinary 
Assistant,  Pandliarpur,  81iolapur  District,  Bombay,  collected  from  the 
vulva  of  a  cow.  It  was  iioticcd  that  the  animal  had  a  wound  on  one  of 
the  lips  of  the  vulva,  this  later  ulcerated  and  contained  many  larvae  of 
bezziana. 

Case,  i'i. — A  number  of  larva",  preserved  inspirit,  were  received 
from  Veterinary  Assistant  V.  R.  Chatuphale,  Dahanu  Thana. 
Bombay,  collected  from  the  near  hind  heel  of  a  bullock. 

Case  44. — A  number  of  dead  larvae  were  sent  by  Mr.  B.  B.  Joshi, 
Poona,  collected  from  a  wound  on  the  body  of  a  bullock. 

Case  45. — A  number  of  pujiaria  and  dead  larvae  were  sent  by  the 
Veterinarv  Assistant,  Hubli,  Dharwar,  Bombay,  the  larvae  were  collected 
from  a  wound  on  the  withers  of  a  pony. 

Case  46. — Anumber  of  larvae,  preserved  in  alcohol,  were  received  from 
Veterinary  Assistant  G.  V.  Dadhe,  Jalgaon,  West  Kandesh,  Bombay, 
collected  from  a  wound  on  the  inner  side  of  the  thigh  of  a  bull-dog. 

Case  47. — A  number  of  dead  larvae  were  received  from  Veterinary 
Assistant  D.  B.  Mamtora,  Bandra,  Thana,  Bombay,  collected  from  a 
broken  horn  of  a  buffalo. 

Case  48. — A  number  of  puparia  and  dead  larvae  were  received  from 
the  Veterinary  Assistant,  Pandharpur,  Sholapur,  Bombay,  collected 
from  the  base  of  a  broken  horn  of  a  bullock.  The  larvae  were  found  in 
the  wound  15  days  after  the  horn  was  broken. 

Case  49.— A  uumber  of  puparia  were  received  from  Veterinary 
Assistant  M.  T.  Krishnaswami.  Virakeralampudur,  Tinnevelly  District, 
Madras.  The  larvae  Avere  collected  from  an  unhealthy  ulcer  in  the  nostril 
of  a  bullock  near  the  nose  string  hole. 

Case  50. — Two  puparia  and  larvae  in  spirit  were  .sent  by  Sub- 
As,sistant  Surgeon  H.  Govinda  Gudiyar,  l.m.p.,  Ijocal  Fund  Dispensary, 
Talavadi,  Coimbatore,  Madras.  The  larvae  were  collected  from  an 
ulcer  on  the  inner  aspect  of  the  thigh  of  a  bull  near  the  scrotum. 

Case  51. — A  number  of  larvae,  preserved  in  spirit,  were  sent  by 
Veterinary  Assistant  J.  E.  D.  Sigamony,  Madanapalli,  Chittoor,  Madras, 
collected  from  the  vagina  of  a  cow. 

Case  52. — A  number  of  hatched  flies  were  received  from  Mr.  B.  B. 
.Joshi,  Poona.     The  larvie  were  collected  from  a  wound  on  a  cow. 

Case  53. — A  number  of  dead  larvae  were  sent  by  the  Touring  Veteri- 
narv Assistant,  Tanjore  District,  Madras,  from  the  ear  of  a  bullock 
which  had  recovered  from  an  attack  of  rinderpest, 
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C'lwe  oi.  -A  inimbei  of  dead  larvio  wen-  scut  'ly  I  In-  saiiic  nhhorvMr 
from  the  ear  of  another  bullock. 

C(jse  35. — A  number  of  dead  and  some  living  ones  were  sent  by 
the  same  observer  from  a  wound  on  the  body  of  a  cow. 

Case  56. — Some  dead  larvte,  and  two  second  stage  larvuj  in 
spirit,  were  received  from  P.  S.  Sundaram,  q.b.v.c,  Officer  in  charge 
of  thp  Veterinary  Hospital,  Parhmari,  C.P.,  collected  from  a 
deep  wound  on  the  scrotum  of  a  dog. 

Case  57. — A  number  of  larvic,  preserved  in  alcohol,  were  sent  by 
Veterinary  A.s.sistant  A.  V.  Patel,  Surat,  Bombay,  collected  from  a  sore 
which  followed  a  blister  applied  for  sesamoiditis. 

Cane  .58. — A  number  of  dead  larvje  were  received  fron\  P.  S. 
Sundaram,  Officer  in  charge  of  the  Veterinary  Hospital.  Pachmari, 
collected  from  a  sore  on  the  glans  penis  of  a  hoi-se. 

Case  .59.— All  the  larvro  which  hatched  out  of  a  ma.ss  of  eggs  of 
C.  bezziana  laid  on  a  sore  on  the  hip  of  a  bull  calf,  together  with  the  fly 
which  laid  the  eggs,  were  sent  by  Mr.  B.  B.  Joshi,  Poona,  who  caught  the 
fiy  himself.  This  is  the  first  occasion  in  wliich  hezziana  has  been  caught 
in  India  lajnng  its  eggs. 

Case  60. — A  number  of  larva)  of  bezziana  were  sent  by  N.  Subramani, 
Veterinarv  Officer  in  charge  of  the  Veterinary  Hospital,  Sivagiri, 
Tinnevelly  District,  Madras,  collected  from  a  neglected  wound  in  the 
nostril  of  a  bullock  caused  by  a  nose  string. 

Case  61. — A  number  <>f  larv»,  preserved  in  alcohol,  were  received 
from  the  Veterinary  Assistant,  Nadiad,  Kaira,  Chajira.  Bombay, 
collected  from  a  sore  on  the  umbilicus  of  a  kid. 

Case  62. — A  number  of  puparia  and  larva;,  preserved  in  alcohol, 
were  sent  by  Veterinary  Assistant  Y.  K.  Shetty,  Baramati,  Poona 
District,  Bombay,  collected  from  a  wound  on  the  w\\va  of  a  buffalo. 

Case  63.  —A  large  number  of  second  stage  larvae,  and  the  egg  shells 
of  the  same,  were  .sent  by  Veterinary  Assistant  V.  K.  Chatuphate, 
Dahanu,  Thana,  Bombay,  collected  from  a  wound  on  a  cow  buffalo. 

Case  6t.--A  number  of  hatched  bezziana  were  sent  by  Veterinary 
As-sistant  D.  M.  Gadkari,  Satara  Veterinary  Hospital.  Bombay,  the 
larva;  were  collected  from  a  woimd  at  the  root  of  the  tail  near  the  anus 
of  a  goat. 

Case  65. — A  number  of  puparia  of  bezziana  were  sent  by  Veterinary 
Assistant  L.  R.  Das,  Sumamganj,  Sylhet,  Assjim,  the  maggots  having 
been  collected   from  the  vagina  of  a  cow.     A  retained  placenta  resulted 
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in  septic  infection  whidi  evidently  attracted  a  female  hezziana  to 
oviposit. 

Case  6G. — A  number  of  puparia  of  hezziana  were  sent  by  Veterinary 
Assistant  P.  A.  Partliasaratliy,  Parlakimedi  Veterinary  Hospital, 
Ganjam  District,  Madras,  the  larvEe  having  been  collected  from  a 
wound  on  the  body  of  an  elephant. 

Case  07. — A  number  of  preserved  larvEe  of  hezziana  were  sent  by 
Captain  H.  E.  Cross,  C.V.D.,  Camel  Specialist,  S(.hawa,  Punjab. 
The  larvae  were  collected  from  a  wound  on  the  neck  of  a  bull  (yoke 
gall). 

Case  08. — A  number  of  preserved  larvae  were  sent  by  the  same 
officer  from  a  wound  on  the  foot,  just  above  the  fetlock,  of  a  camel. 

Case  69. — A  large  number  of  second  and  third  stage  larvae  of  hezziana 
in  spirit  were  sent  by  Veterinary  Assistant  L.  Kumaraswami,  Veterinary 
Hospital,  Ongole,  collected  from  the  eye  of  a  cow  and  the  cancerous 
horn  of  a  bullock.  Mr.  Kumaraswami  informs  me  that  cancerous 
growths  of  the  eye  and  horn  are  very  common  among  the  well  known 
Ongole  breed  of  Indian  cattle,  and  that  these  tumours  nearly  alwaj-s 
contain  maggots  when  they  become  ulcerated. 

Case  70. — A  large  number  of  mature  larvae  of  hezziana,  many  of 
which  had  pupated  on  the  journey,  were  sent  b}^  Staff  Veterinary 
Assistant  Babu  Satisli  Chandra  Das  Gupta,  G.  B.  V.  C,  Gauhati,  Assam, 
the  larva?  having  been  collected  from  a  wound  on  the  body  of  a 
bullock. 

Case  71. — A  number  of  dead  larvae  and  puparia  of  hezziana  were 
received  from  Staff  Veterinary  Assistant  Chatterjee,  Silchar,  Assam,  the 
larvae  having  been  collected  from  a  wound  on  the  head  of  a  dog. 

Case  T2. — Four  living  larvae  and  one  dead  one  of  hezziana  were 
received  from  Veterinary  Assistant  Ramaswamy  Aiyer,  Calicut,  collected 
from  an  ulcer  on  the  body  of  a  cow. 

Case  73. — A  number  of  puparia  of  hezziana  ^^ete  sent  by  Veterinary 
Assistant  G.  H.  Khan,  Bilaspur,  the  larvae  having  been  collected  from 
a  wound  in  the  vagina  of  a  cow-calf. 

Case  74. — -A  number  of  puparia  of  hezziana-^ ere  sent  by  Veterinary 
Assistant  L.  R.  Das,  Surnamganj.  Sylhet,  Assam,  the  larvae  having  been 
collected  from  a  wound  on  the  bodv  of  a  bullock. 

Case  75. — A  number  of  dead  larvae  and  many  puparia  of  hezziana 
were  received  from  Veterinary  Assistant  Moulvi  Dewan  Faizuddin 
Ahmad,  Gauhati,  Assam,  the  larvje  having  been  collected  from  the  penis 
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sheath  of  a  bullock.  There  was  n  wound  about  the  middle  of  the 
sheath,  which  was  almost  destroyed  at  this  point.  The  animal  sufTered 
from  retention  of  urine.  Mr.  Ahmad  says  this  animal  was  attacked 
by  bezziana  several  times  and  thus  accountiiij^  for  the  extensive 
destruction. 

Case  7fi.^A  number  of  living;  larva?  and  several  pujiaria  of  bezzunia 
were  sent  by  the  same  observer  collected  from  a  sinus  on  hoof  and  pastern 
of  a  bullock.  A  cart  had  recently  passed  over  the  part  causing  a  wound 
which  became  infested  with  the  larvae  of  bezziana. 

Case  77.— A  number  of  puparia  of  bezziana  were  received  from 
Babu  Xarendra  Nath  Dutta,  Senior  Veterinary  As.sistant,  Svlhet,  the 
larva;  having  been  collected  from  a  wound  on  the  body  of  a  bullock. 

Notes  on  the  Diptera  which  cause  Myiasis  in  Man 
AND  Animals. 

Although  the  invasion  of  the  tissues  of  man  and  animals  by  Dipterous 
larvae  has  long  been  known,  it  is  only  within  recent  years  that  most  of  the 
flies  have  been  bred  out  and  accurately  identified.  The  difficulty  in 
determining  a  species  from  its  larva  is  simply  due  to  pur  very  imperfect 
knowledge  of  the  distinguishing  characters  of  such  larva.'  in  general,  and 
species  in  particular.  If  the  fly  is  not  known  we  are  obviously  not  in  a 
position  to  study  its  breeding  habits. 

These  facts  could  not  be  better  exemplified  than  in  the  case  of 
Chnjsonvfia  bezziana.  This  calliphorine  has  in  the  past  been  confused 
with  Chrysomyia  flaviceps,  and  C.  megacephala  (dux)  with  the  result 
that  it  has  beea  regarded  as  a  necrophagous  species,  whose  larvie 
occasionally  cause  myiasis.  We  now  know,  however,  that  it  never 
breecls  in  the  decomposing  bodies  of  animals.  Further,  the  cases  of 
mviasis  recorded  above  and  in  Part  I  of  these  notes  clearly  demonstrate 
the  fact,  that  the  larvae  of  bezzinna  may  cause  rhinal,  oral,  aural, 
ocular,  cutaneous,  and  vaginal  myiasis.  In  India  much  stre.ss  has 
been  laid  on  the  condition  popularly  known  as  "  Peenash  "  or  rhinal 
myiasis,  and  it  has  been  erroneously  supposed  that  the  larvae  of  the  fly 
which  cau.se  this  condition  are  only  found  in  the  no.se.  It  is  now 
clear  that  this  fly  is  bezziana,  and  that  the  mucous  membrane  of  the 
nose  is  only  one  of  the  tissues  selected  by  the  fly  in  which  to  breed, 
and  that  it  will  deposit  its  eggs  as  readily  in  any  other  diseased  part. 
Its  larvae  may  be  found  in  any  form  of  dermal  or  cavity  myiasis,  except 
ga.stro-inte.ttinal  and  urinary  myiasis. 

J,  Ml;  3 
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It  is  usual  in  Text  Books  of  Tropical  Medicine  to  classify  the 
various  forms  of  myiasis  according  to  the  tissues  or  organs  invaded, 
giving  the  student  of  the  subject  the  misleading  idea  that  each  has  its 
own  particular  myiasis-producing  fly.  Although  this  is  to  a  large 
extent  true  in  the  case  of  the  CEstridae,  it  is  not  so  for  the  Calliphorinae, 
C.  bezziana  being  a  good  example  of  a  fly  which  will  take  advantage  of 
any  diseased  tissue  in  which  to  deposit  its  eggs,  but  its  larvae  never 
cause  gastro-intestinal  myiasis. 

It  seems  more  rational  to  approach  this  subject  from  the  standpoint 
of  the  flies  themselves,  rather  than  the  tissues  invaded,  and  we  then 
have  the  following  types  of  myiasis-producing  flies  : — 

1.     Specific  Myiasis-producing  Flies. 

In  this  group  I  include  Chrysomyia  bezziana,  Wohljohrlia  magnifica, 
Cordijlohia  anthropophaga,  C.  rodhnini  and  all  the  CEstridae.  These  tlies 
only  breed  in  living  tissues,  and  their  larvae  may  cause  either  dermal, 
cavity,  or  gastro-intestinal  myiasis.  A  few  notes  of  what  is  at  present 
known  regarding  them  may  be  of  interest. 

Chrysomyia  bezziana  Villeneuve. — As  I  have  already  pointed  out 
this  Calliphorine  will  deposit  its  eggs  either  on  a  septic  wound  or  sore, 
or  in  a  diseased  nose,  mouth,  eye,  ear  or  vaginal  orifice.  Except  for  the 
observations  of  Rovere  mentioned  above,  there  is  no  evidence  that  the 
female  will  deposit  its  eggs  on  the  unbroken  skin.  From  380  to  522 
eggs  are  usually  laid,  and  the  larvae,  on  hatching  out,  burrow  into  the 
tissues  and  feed  on  the  fluid  which  surrounds  them  ;  they  are  unable  to 
ingest  solid  matter  and  certainly  do  not  penetrate  bone  or  cartilage. 
Structurally  they  are  well  adapted  to  remain  fixed  in  the  tissues,  the 
b.ickwardly  directed  segmental  hooks  helping  to  keep  them  in  position  ; 
these  hooks  are  better  developed  in  the  first  and  second  stage  larva  than 
in  the  third  stage.  The  first  stage  is  a  short  one  lasting  from  24  to  36 
hours,  the  second  stage  from  2  to  3  days,  and  the  mature  larva  crawls  out 
of  the  tissues,  and  dropping  on  the  ground  buries  itself  in  the  earth  to 
pupate.  The  adults  emerge  in  about  6  to  8  days  according  to  the 
temperature.  It  is  not  clear  what  they  feed  on,  but  there  can  be 
little  doubt  that  the}'  are,  to  a  certain  extent,  flower  feeders.  I  have 
not  seen  any  specimens  caught  in  the  bazaar  meat  and  sweet  shops, 
and  they  never  enter  houses.  The  female  closely  resembles  the 
female  C.  megacephaJa,  and  it  requires  a  practised  eye  to  separate 
them 
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There  nre  several  facts  connect o<l  with  tlie  habits  of  this  imjwrtnnt 
Calliphorine  which  have  yot  to  be  workeil  out.  Is  the  female  ?x'2:i«»(i 
attracted  to  frosh  wounds  in  the  absence  of  an  ofTensivedisdliarne.ordoes 
it  only  oviposit  on  tissues  which  are  septic  ?  Will  it  lay  its  eggs  on 
unbroken  skin  i  If  undisturbed  will  the  Hy  lay  all  its  eggs  in  one  batch  i 
It  would  also  be  interesting  to  know  the  Eastern  limit  of  bezziaiia.  Is  it 
found  in  >Ialaya,  Japan  and  China  {  Does  it  occur  in  any  part  of 
Australia.  As  far  as  I  am  aware,  there  is  no  reconl  of  the  larva?  of  any 
Calliphorine  from  human  tissues  in  Australia.  1  will  be  very  glad  if 
any  observers  who  come  across  cases  of  myiasis  in  the  e  parts  will  send 
me  the  larva;  preserved  in  spirit,  and  the  fly  if  they  can  hatch  it  out. 

Wohljahrtia  mngnifica  Schiner. — This  species  is  the  s[)ecilic  myiasis- 
producing  fly  of  S<iuth  Russia  and  Egypt,  and  belongs  to  the  family 
SarcojJiagidof,  or  Flesh  flies.  It  is  viviparous  in  habit,  t!ie  female 
according  to  Portchinsky  depositing  from  12\  to  16S  larva;.  The  adult 
dies  are  flower  feeders,  and  never  enter  houses.  Like  its  Oriental  and 
Ethiopian  ally  bezziana,  W.  magnifica  larviposits  on  any  part  of  the 
bodies  of  man  and  animals,  but  the  larvas  never  gain  entrancb  into  the 
gastro-intestinal  and  urinary  tracts.  They  are  commonly  found  in  the 
nose,  eye,  ear  and  vagina,  and  in  wounds  and  ."ores  ;  Wohljahrtia  nuignifica 
frequently  dejwsits  one  or  more  of  its  larva;  on  the  human  conjunctiva, 
and  the  mature  larvae  have  been  extracted  from  the  eyeball,  which  may 
be  partially  or  completely  destroyed.  The  female  fly  never  larviposits 
in  decomposing  animal  matter.  A  closely  allied  species  Wohljahrtia 
meigenii  Schiner,  on  the  other  hand,  normally  breeds  in  di-composiiig 
Ixxlies,  and  its  larva;  do  not  cause  myiasis. 

Cordijlobia  anthrophaga  Blanchard  an<l  C.  rodluiini  Cied.  -The 
larva;  of  these  two  African  Calliphorina;  cause  dermal  myiasis.  Roubaud, 
Khodain  and  others  have  shewn  that  their  eggs  are  never  laid  on  the 
fxidics  of  man  and  animals,  but  always  in  damp  earth  contaminated 
with  urine  or  other  animal  matter.  The  first  stage  larva  penetrates  the 
skin  burrowing  obliquely  into  the  subcutaneous  ti.ssues,  where  it  develops 
into  the  mature  larva  which  later  crawls  out  an<l  pupates  in  the  ground. 
It  is  believed  that  some  small  animals,  probably  the  dog,  in  the  case 
of  anlhropophaga,  and  small  deer,  in  the  case  of  rodhainii,  are  the  normal 
hosts  of  the  larvs,  and  that  man  is  only  accidentally  infected  with  the 
former.  There  are  two  close  allies  of  Cordijlobia  in  India,  |>articularly 
in  South  India,  w  hich  belong  to  the  genus  Bengalin,  viz.,  Benijaliti  lalru 
de  Meij.,  and  B.  UUvralm  .Macq.,  I  havecollecteLl  many  specimens  of  these 
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two  species  at  the  foot  of  the  Coonoor  Ghat  at  Kallar  in  damp  shady 
places  under  bamboos.  Practically  nothing  is  known  of  the  life 
histories  of  tRe  flies  of  this  genus,  and  it  is  more  than  probable  that  they 
are  parasitic  in  small  animals  in  their  larval  stages.  It  is  hoped  more 
attention  will  be  paid  to  them  in  India.  Both  species  never  breed  in 
decomposing  animal  matter. 

The  ffisTRiD  F. 

This  family  of  highly  specialised  muscids  are  of  peculiar  interest,  for 
their  larvsn  normally  live  in  the  tissues  and  organs  of  special  mammals 
and  their  near  allies.  The  adult  insects  are  for  the  most  part  incapable 
of  feeding,  as  their  mouth  parts  are  atrophied.  The  family  is  at  present 
best  divided  into  five  sub-families,  the  Cephenomyiinse,  Cuterebrinse, 
Hypodermiinte,  Ga.sterophilinije  and  the  ffistrinae. 

The  classification  of  the  (Estridae  is  almost  entirely  based  on  the 
characters  of  the  third  stage  larvse  and  those  of  the  adults.  I,  however, 
consider  that  the  third  stage  larvse  does  not  give  the  best  clue  to  the 
relationships  of  the  adults,  either  to  each  other  or  to  other  Muscidae. 
The  third  stage  larvse  of  many  of  the  species,  which  are  at  present  placed 
in  distinct  genera  on  the  characters  of  the  adults,  are  so  alike  each  other, 
probably  due  to  convergent  adaptation,  that  it  is  impossible  to  separate 
them.  The  first  stage  larva,  and  in  some  species  the  second  stage, 
possess  many  characters  which  disappear  in  the  third  stage,  and  in  many 
instances  this  stage  is  totally  unlike  the  first.  It  is  in  the  comparative 
study  of  the  first  stage  larvae  with  those  of  other  related  Muscidae, 
particularljr  the  Oalliphorinse,  that  we  may  hope  to  discover  the  true 
relationships  of  these  flies.  In  any  case  I  cannot  agree  with  Girschner's 
views  that  many  of  the  (Estridae  belong  to  the  Tachinidae,  for  Girschner 
based  his  ideas  on  the  structure  of  the  adults,  and  did  not  study  the 
first  stage  larvse. 

The  study  of  the  first  stage  larvse  of  the  Calliphorinae  and  those  of  a 
few  Oilstridae  have  convinced  me  that  the  latter  are,  as  a  whole,  closely 
related  to  the  former,  and  that  when  a  careful  comparative  study  is  made 
of  the  first  stage  larva  of  such  a  species  as  bezziana  with  those  of  Cepheno- 
imjia,  Cuterebra,  etc.,  it  will  be  found  that  they  have  many  characters 
in  common.  These  characters,  however,  tend  to  disappear  in  the  second 
and  third  instars.  In  the  case  of  the  (Estridaj  it  is  unfortunate  that  only  a 
very  few  first  stage  larva;  are  known,  as  they  are,  for  obvious  reasons, 
difficult  to  obtain.    It  is  hoped  that  in  future  more  attention  will  be  paid 
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to  the  study  of  this  stage,  and  that  those  who  have  opportunities  of 
collecting  them  will  do  so.  I  will  now  give  n  few  notes  on  the  vnrious 
sub-families. 

Cephfiinmi/iinae. "Those  flies  are  |>jirasitic  in  their  larval  stages  in 
the  na.sal  cavities  ami  accessory  sinuses  of  the  Corvida"  and  occasionally 
in  ruminants,  and  one  species  in  the  osophagus  of  tiie  African  elephant. 
They  are  found  in  Europe.  North  and  South  America,  and  Africa,  where 
they  cause  cavity  myiasis  in  various  species  of  deer,  and  the  elephant. 
The  flies  are  \T\-i parous,  depositing  their  first  .stage  larva;  at  the  openings 
of  the  nostrils  or  mouth,  the  second  and  third  stage  larva;  migrating 
further  in,  and  often  being  found  in  the  frontal  sinuses,  nasopharynx, 
eustachian  tube,  and  even  the  trachea.  The  sub-family  contains  at 
least  three  genera  Cephenomtjia.  Phanjngoholus  and  Phari/iif/omifio. 

The  larvae  of  the  species  of  Cephenomyin  and  Phdri/iKjumi/ia  are 
parasitic  in  the  nasal  cavities  of  deer,  and  the  larva  of  Pita ri/ni/obol us  in 
the  <.j.sophagus  of  the  African  elephant.  The  former  crawl  out  of  the 
nose  when  ready  to  pupate,  and  the  latter  are  passed  out  in  the  excreta  of 
the  elephant.  It  is  not  known  whether  any  species  of  Ph<iii/iigob(jluis 
parasitise  the  Indian  elephant.  I  hope  tho.se  who  have  opportunities  of 
collecting  such  larva;  from  the  Indian  elejihant  will  do  so,  and  send 
them  to  me  preservecl  in  8j)irit. 

Girschner  and  others  place  these  genera  in  the  .sub-family  C'alli- 
phorina^.  but  I  consider  this  is  premature.  The  few  adults  I  have  iiad 
an  opportunity  of  examining,  though  suggesting  affinities  with  the 
Caliphorinic  do  not  justify  their  being  classed  with  tiiein.  Ferries  has 
recently  described  the  first  stage  larva;  of  Cepheno»ii/ia  amerii ana  and 
this  is.  as  far  as  I  am  aware,  the  only  detailed  description  of  this  .stage 
of  the  flies  of  this  .sub-family.  The  third  stage  larva;  are  very  difficult 
t<)  sc|)arate  from  those  of  other  CEstrids  which  live  in  the  nasal 
ranties  of  animals. 

Hi/podermiinac.-Thh  sub-family  contains  the  well  known  warble 
flies  who.se  larvse  arc  found  under  the  skin  of  cattle,  buffaloes,  goats,  and 
deer.  It  has  long  been  a  mystery  as  to  how  these  la r vie  reach  the  sub- 
cutaneous tissues  of  the  backs  of  these  animals,  until  Carpenter  and  his 
co-workers  in  Great  Britain,  Gli.ser  in  Germany,  and  I  lad  wen  in 
Canada,  worke^i  out  the  meth<Ml  by  which  the  larva;  reach  their  final 
destination.  The  eggs  are  laid  on  hairs  on  the  legs,and  the  first  stage 
larvtc,  on  hatching  out,  penetrate  the  skin  adjacent  to  the  hair  causing 
a  tprapor  I ry  dermal  myiasis.     They  now  migrate  upwards,  to  appear 


fi72  Some  Notes  on  Indian  CalUpJiorinae. 

later  in  the  region  of  the  throat  as  the  second  instar,  in  which  stage 
they  are  very  different  to  the  third  stage  larva.  After  a  time  they 
leave  this  site  and  migrate  along  the  muscles  of  the  back,  eventually 
reaching  the  subcutaneous  tissues  of  the  back.  They  now  perforate 
the  skin,  and  produce  the  well  known  warbles,  the  larva  later  leaving 
fhe  skin  drops  to  the  ground  and  pupates. 

The  warble  flies  belong  to  two  genera,  Hypoderma  and  (Hdamarjena. 
the  former  parasites  ruminants  and  deer,  while  the  species  belonging  to 
the  latter,  live  in  the  hides  of  reindeer. 

Hypodermac  is  very  common  in  Northern  India,  and  Captain  Cross, 
C.V.D.,  Camel  Specialist,  tells  me  its  larvae  are  plentiful  in  the  hides  of 
cattle,  buffaloes,  and  especially  goats,  in  the  Punjab.  It  would  be 
interesting  to  know  whether  there  is  more  than  one  species  in  India. 

Cuterebrinae. — This  family  at  present  contains  a  number  of  genera, 
such  as  Cuterebra,  Bogeriae,  Pseudogametes,  Rogenhojera,  and  Dermatobia, 
some  of  which  are  doubtfully  valid.  The  larvae  of  Cuterebra,  and  the 
allied  genera  Bogeria,  etc.,  are  dermal  and  subcutaneous  parasites  of  small 
mammals,  such  as  rabbits,  squirrels,  rats,  chipmunks,  mice,  etc.,  while 
the  larvae  of  Dermatobia  are  found  in  the  skin  and  subcutaneous  tissues  of 
man  and  animals.  Exactly  how  the  larvae  of  Cuterebra,  etc.,  get  into  the 
subcutaneous  tissues  is  at  present  not  quite  clear,  but  some  interesting 
observations  of  Parker  and  Wells,  and  Hadwen,  seem  to  suggest  that  the 
eggs  are  laid  on  the  hairs  of  the  host,  and  that,  when  the  animal  licks  the 
egg-laden  hairs,  the  larvae  are  swallowed,  and  that  later  they  migrate  to 
the  skin  ;  on  becoming  mature  they  crawl  out  and  pupate  in  the  ground. 
Very  little  is  known  of  the  early  stages  of  these  species,  but  as  the  adult 
flies  readily  oviposit  in  captivity,  it  should  be  easy  to  obtain  the  first 
stage  larvae  ;  they  aj^parently  live  for  a  long  time  in  the  eggs  awaiting  an 
opportunity  of  finding  their  way  into  a  suitable  host. 

Dermatobia  hominis  is  the  well  known  species  whose  larvee  are 
parasites  of  the  skins  of  animals  and  occasionally  man  in  Central  and 
South  America,  and  neighbouring  I.slands.  It  is  only  within  recent 
years  that  the  method  by  which  the  larvae  find  their  Avay  into  the  skin 
has  been  discovered.  Like  Cordylobia  anthropophaga,  the  eggs  are 
never  laid  on  the  skin  of  the  host,  the  larva  parasitises,  but  the  female 
fly  has  the  remarkable  habit  of  catching  certain  species  of  mosquitoes 
and  flies,  and  gluing  its  eggs  in  small  batches  on  the  ventral  surfaces 
of  their  bodies.  When  the  egg-carrier  seeks  a  host  on  which  to  feed,  the 
warmth  of  the  body  of  the  host  stimulates  the  young  larvae  to  activity. 
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and  ono  ormoro.oii  rmerninp  from  the  pggs,  at  once  |)enetrate  the  skin 
of  the  host.  It  is  very  pro ba hie  there  is  more  tlian  one  species  of 
Dermalohin . 

Gnstrophiliiiae  or  Gaglerofthilniac-  Tliis  siili-family  contains  at 
Ica.st  two  genera,  Gaslerophilus  and  Gi/rosliguui.  All  the  larvae  of  the 
known  species  of  the  former  are  jwrasites  of  the  stomach  and  intestines 
of  the  Eqiiidio,  those  of  the  latter  live  in  the  stomachs  of  different 
sjH'cips  of  Rhinoceros. 

The  larvio  of  at  least  three  species  of  (iasterophiliis  are  known  to  live 
in  the  stomach  and  dm  deniim  of  the  horse,  (/.  infcstiindis,  C.  iiasulis  niu\ 
(i.  haemorrhoidalis.  The  eggs  of  the  former  are  laid  indiscriminately  on 
the  hairs  of  the  horse,  but  more  j)articularly  on  tlie  hairs  on  tli(^  inner 
sides  of  the  fore  legs  ;  those  of  nasiilis  are  laid  on  the  hairs  between 
the  two  lower  jaws,  and  those  of  haemordioidalis  on  the  hairs  of  the 
lower  lip.  The  larvae  of  G.  intesdnalis  reach  the  stomach  by  being 
swallowed  when  the  animal  licks  egg-laden  hairs,  but  the  larvae  of 
nastilis  and  haemorrhoiiUiUs  leave  the  eggs  without  the  aid  of  moisture 
and  penetrate  the  skin  causing  a  temporary  derma!  myiasis,  and  later 
they  migrate  to  the  stomach.  As  far  as  I  am  aware  G.  inlestinalis 
var.,  6eii(;i/<'(i*i'«  is  the  only  species  found  in   India. 

The  larvae  of  several  species  of  Gi/roaligma  are  known  from  different 
species  of  Rhinoceros,  G.  sumatrensis  ivom  Rhinoceros  sumatrensis  and 
Rh.  lasiotis,  G.  cotijungens  irom  Rhinoceros  bicornis,  G.  meruensis  hum 
Rhinoceros  bicornis  and  G.  pavesii  from  Rhinoceros  bicornis  and  Rh. 
siinus  cotloni.  Kodhain  and  Bequaert  have  given  an  excellent  account 
of  the  various  stages  of  the  oestrids  of  this  genus,  and  particularly  a 
description  of  the  first  .stage  larva  of  G.  jxitesii.  The  eggs  of  the 
latter  8{)ecie.s  are  laid  on  the  skin  of  the  liead,  ears  and  neck  of  the 
animal,  and  it  is  probable  that  the  first  stage  larva*,  on  liatching  out, 
penetrate  the  skin  causing  a  temporary  dermal  myiasis,  later  pass  along 
the  tissues,  and  eventually  reach  the  stomach  ;  they  may,  however, 
reach  the  stomar  h  by  being  licked  off  from  the  liairs.  The  mature 
larvae  are  passed  out  in  the  excreta  of  the  Rhinoceros.  It  is  not 
known  whether  the  Indian  Rhinoceros  is  parasitised  with  the  larvas 
of  a  K|M;cies  of  Gifrostii/nui. 

The  (E»/riHa<*.-  Rhodain  and  IJequaert  in  their  n-vision  of  the 
(I-^trinae  include  five  genera  in  this  Hub-family  as  follows  : — 

(Jenus  Ceph/ilopsis. — This  genus  contains  one  species.  C.  tittllalor, 
the  dromedary  and  camel  bot  fly.     Its  iarvaj  live  in  tin,   nasopharynx, 
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aiifl  when  mature,  tlicy  crawl  down  the  nasal  passage,  often  causing  the 
animals  to  sneeze  violently,  when  the  larvtE  are  ejected.  This  fly,  and 
perhaps  a  variety,  is  very  common  in  India  wherever  its  hosts  are  to  be 
found.  It  is  viviparous  in  habit,  depositing  its  larvse  at  the  openings 
of  the  nostrils.     The  first  stage  larva  is  not  known. 

The  genus  Rhinosstrus  contains  a  number  of  species  whose  larva) 
live  in  the  nasal  cavities  of  hippopotami,  pigs,  horses  and  their  allies. 
One  species  Rhinoestrus  purpureus  which  is  widely  distributed  in  Southern 
Europe,  North  Africa,  Asia  Minor,  and  throughout  Southern  Russia,  is  a 
dangerous  human  pest.  It  has  the  habit  of  depositing  a  larva  on  the 
human  conjunctiva,  which  is  soon  penetrated,  and  unless  steps  are 
immediately  taken  to  remove  it,  may  cause  partial  or  complete  loss  of 
sight.  All  the  species  normally  breed  in  the  nasal  cavities  of  their 
hosts,  and  as  far  as  is  known;  all  are  viviparous. 

Genera  Kirkicestrus,  Gedelastia  and  (Estrus. — The  species  which 
belong  to  these  genera  live  in  their  larval  stage  in  the  nasal  cavities  and 
sinuses  ofthe  bones  ofthe  skull  of  the  hollow-horned  ruminants  ;  most  arc 
found  in  Africa.  (Ustrus  ovis,  the  well  known  bot  fly  of  sheep,  and 
goats,  is,  however,  widely  distributed,  yet  we  do  not  know  much  about  its 
life  history  and  habits.  In  India  it  is  as  common  in  the  goat  as  the 
sheep.  To  what  extent  it  injures  these  animals  is  not  clearly  known, 
but  there  can  be  very  little  doubt  that  an  animal  heavily  infected 
with  larvse  must  suffer  in  health.  It  is  erroneously  supposed  that 
the  larva;  enter  the  brain,  but  this  is  not  so,  the  condition  known  as 
staggers  being  due  to  other  causes. 

The  Stom.ich  Bots  of  the  Elephant. 
Elephants  are  commonly  parasitised  by  species  of  oestrid  which 
belong  to  the  genus  Cubboldia,  the  exact  position  of  which  is  not  certain. 
Most  authorities  place  them  in  a  sub-family  the  Cobboldiina;.  I  have 
recently  had  an  opportunity  of  examining  a  large  number  of  almost 
mature  larvae  of  Cobboldia  elephcintis  removed  from  the  stomach  of  a 
calf  elephant.  A  careful  examination  of  caustic  potash  preparations  of 
these  larva;  suggest  some  affinities  with  the  Sarcophagidae.  The  African 
elephant  is  commonly  parasitised  by  the  larva;  of  two  species  :  C.  crisidi- 
formis  and  C.  loxodontis  while  those  of  C.  elephantis  are  found  in  the 
stomach  of  the  Indian  elephant.  According  to  Rhodain  and  Bequaert 
the  female  C.  loxodontis  lays  its  eggs  on  the  tusk  of  the  elephant  near 
the  lip,  and  the  larvie  can  thus  easily  find  their  way  into  the  alimentary 
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tract.  Very  little  is  known  of  tho  binjogy  of  these  interesting  flies,  nnri 
practically  nothing,  of  the  species  found  in  the  elephant  in  India. 

On  making  some  enquiries  regarding  the  prevalence  of  the  larva-  of 
C.  elephdiitis  in  the  Indian  elephant,  I  have  been  told  that  they  are  extre- 
mely common  and  cau.se  considerable  mortality  among  the  animals. 
Older  elephants,  when  heavily  infested,  .soon  get  out  of  condition,  owing 
to  digestive  trouble  ;  and  the  young  animals  become  anaemic  and  weak. 
Recently  Mr.  Chari,  Special  Veterinary  Inspector,  .Mount  Stuart,  sent 
me  a  large  number  of  the  larva?  of  ('.  elcphatitis  removed  po.st  mortem 
from  the  stomach  of  an  elephant  calf.  In  this  ca.se,  to  quote  Mr.  Chari's 
words,  there  were  so  many  larva?  in  the  stomach  of  the  animal,  "  that 
there  was  no  room  for  a  pin  to  pass  through  the  stomach,"  and  it  looks 
as  if  thi.s  animal  died  as  a  result  of  this  heavy  infestation.  It  is, 
therefore,  ver}'  evident  that  C.  elephantis  is  believed  to  be  a  very  serious 
pest,  and  that  many  valuable  animals  are  lo.st  through  the  infestaticm 
by  the  larva?,  and  the  resulting  lesions  produced  in  the  stomach.  If 
this  is  the  case,  and  there  seems  to  be  no  doubt  that  it  is,  the  study  of 
the  life  history  of  this  species  is  urgently  called  for,  in  order  to  discover 
some  means  of  controlling   it,  and  treating  the  infested  animals. 

Lastly  there  is  another  interesting  oestrid,  which  is,  at  present, 
only  known  in  its  larval  stage.  It  is  found  in  the  skin  of  the  foot  of  the 
African  elephant,  and  is  placed  in  the  gonusN eoculerebra.  Bequaert. 
in  an  interesting  paper,  sugge.sts  that  this  oestrid  i.s  allied  to  Cordylobia 
and  that  it  certainly  has  no  affinities  with  the  Cuterebrinae. 

2.    Semi-specific  Myiasis-producing  Flies. 

In  this  group  I  include  all  those  species,  which  tliough  luirmuiiy 
bree<ling  in  decom|M»sing  animal  and  vegetable  matter,  will  occasionally 
lay  their  eggs  in  living  tissues  attracted  either  by  a  foul  smelling  discharge, 
soiled  wool,  or  even  by  fresh  blood.  The  following  species  belong  to 
this  group: — Cochliomyia  mucellaria  Fabr.,  C'ochliomi/ia  viridula  Kob. 
Desvd.,  Chri/somijia  megacephala  Fabr.,  C.  tnarginulis  Wied.,  Phormia 
reginii  Mq.,  Lucilia  arji/ricep/uila  Macq.,  Lucilia  serirnOi  .Mq.,  Liicilui 
cueaar  Lin.;  all  the  Au.stralian  sheep  maggot  C'alliphorimi' ;  certain 
species  of  Snrcophii'ju  such  as  .S.  hactnorrhoidalia  Fabr.,  .S'.  nijirorniii 
Fabr.,  and  many  others  which  have  not  been  accurately  identified  ; 
and  A phiftchoftti  xnnlhiiui  Spei.ser  and  A.  rtifijten  Meigen. 

t'(xhltom;/ifi  nuicelUtrin  Fabr.,  the  well  known  .American  Screw- 
worm  fly,  which  can  be  distinguished  from  all  the  old  world  CalliphorintD 
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by  the  three  dark  longitudinal  stripes  on  the  thorax,  is  a  serious 
pest  in  the  Southern  States  of  North  America,  Central  and  South 
America.  Its  habits  and  life  history  have  been  carefully  described 
by  Bishopp,  Dunn,  and  others.  It  deposits  its  eggs  in  much  the 
same  situations  as  Chn/somyia  bezziana,  such  as  the  nostiils,  vaginal 
orifice,  eyes,  ears,  mouth  and  in  all  sores,  cuts  and  wounds.  But 
unlike  its  old  world  ally  hezziana,  it  breeds  as  readily  in  fresh 
corpses,  in  the  dead  bodies  of  animals,  and  to  a  certain  extent  in 
decaying  vegetable  matter.  The  fact  that  it  is  necrophagous  in  habit 
renders  control  extremely  difficult,  for  in  countries  like  Central  and 
South  America,  the  dead  bodies  of  animals  are  always  available  for 
it  to  breed  in. 

According  to  Dunn  the  maximum  number  of  eggs  laid  in  a  batch 
would  appear  to  be  287,  a  much  smaller  than  is  laid  by  bezziana.  The 
larvoe  mature  in  about  6  days  when  they  pupate,  and  the  flies  emerge  six 
or  seven  days  later.  The  female  flies  often  cross  their  wings  scissor- 
like,  and  then  have  a  very  characteristic  appearance.  They  feed  on 
flower  juices  as  well  as  on  decomposing  matter. 

Cochliomi/ia  viridula  Robin-Desvd.  This  new  world  Calliphorine, 
though  larger,  is  very  like  its  ally,  macellaria,  in  general  appearance, 
and  has  the  three  characteristic  dark  thoracic  stripes.  Its  larvae 
are  known  to  cause  cutaneous  and  cavity  myiasis  in  British 
Guiana,  Trinidad,  and  neighbouring  Islands.  It  normally  breeds  in 
decomposing  animal  matter.  It  would  be  interesting  to  know  more 
about  this  species,  and  I  hope  that  those  who  have  opportunities  of 
obtaining  its  larvae  will  send  me  specimens. 

Chri/somijia  megacephala  Fabr.— This  is  the  Oriental  Blue  Bottle, 
and  is  very  common  in  all  Indian  Bazaars,  particularly  on  meat  and 
sweet  stalls  ;  it  is  especially  attracted  to  toddy  and,  as  Fletcher  has 
pointed  out,  fouls  the  pots  when  attached  to  the  trees.  It  occasionally 
causes  cutaneous  myiasis  in  animals,  but,  so  far,  its  larva;  have  not  been 
found  in  human  tissues.  It  normally  breeds  in  decomposing  animal- 
matter,  particularly  in  the  dead  bodies  of  animals.  It  is  widely 
distributed  in  India,  Burma,  Assam,  and  Ceylon,  and  I  have  seen  a 
specimen  from  the  Australian  Region. 

Chrysomijia  mar(jinalis  Wied. — This  is  essentially  an  African  species, 
being  distributed  from  the  North  to  the  South  ;  Austen  records  it  from 
Quetta.  I  have  not  seen  any  specimens  from  India.  Its  larvae 
occasionally  cause  cutaneous  myiasis,  much  in  the  same  way,  as  do  the 
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litrviT  of  wrtjiicephala.  It  normally  hroptls  in  ilt>r()ni])<>sin"  aniinal 
niattor. 

Phormin  retjiiui  Meiaeii.-  Tliis  dark  Calliphorine  is  a  well  known 
sheep-maggot  fly  in  parts  of  North  America,  particularly  California, 
laying  its  eggs  in  soiled  wool. 

Lucilia  nrtjifricephala  Macq. — According  to  Roiilxind,  this  Calli- 
phorine  is  one  of  the  specific  myiasis-producing  flics  of  Africa,  where  its 
larva'  have  been  recorded  from  cases  of  human  and  animal  myiasis- 
This  species  is  the  common  Green  Bottle  Fly  of  India,  and  though  its 
larva^  may  occasionally  be  found  in  the  tissues  of  aninials.  it  breeds  in 
fresh  meat,  in  the  bcxlies  of  recently  dead  animals,  and,  to  a  certain 
extent,  in  decaying  vegetable  matter. 

Lucilia  seriaita  Meigen. — This  C'allijihorine  is  the  common  European 
sheep-maggot  fly,  and  is  a  .serious  pest  in  Scotland,  depositing  its  eggs  in 
soiled  wool.  It  is  widely  distributed  and  is  one  of  the  shcep-nuiggot 
flies  of  Australi^i.  I  have  bred  it  in  England  from  decaying  vegetable 
matter.  Though  comnu>n  in  Mesopotamia,  I  have  not  seen  any  s|)ecimens 
from  India,  where  ar(fi/ric(  j/lntbi  seems  to  take  its  place. 

Lucilia  caesar  Lin. — This  is  another  European  and  Australian 
species,  whose  larva;  are  occasionally  found  in  the  tissues  of  animals. 
It  is,  however,  mainly  necrophagous  in  habit. 

The  Au.stralia\  Sheep  M.vogot  Flies. 
The  life  histories  and  habits  of  the  Australian  Blow  Flies  have  been 
very  carefully  worked  out  by  Mr.  W.  W.  Frogatt,  Government  Eiltomo- 
logist.  New  South  Wales,  who  has  also  described  and  illustrated  all 
the  species.  This  knowledge  has  been  of  immense  value  to  the  sheep 
farming  industry  in  Australia,  for  several  of  these  Calliphorincu 
deposit  their  eggs  in  soiled  wool,  and  their  larva;  burrow  into  the 
ti.H.sucs,  not  only  causing  the  death  of  a  large  number  r)f  sheep,  but 
the  loss  of  millions  of  pounds  of  valuable  wool.  The  following  are  the 
iniportant  specii-s  : 

Anaslellorrhina  augur. 

PoUenia  slygia. 

Neocalliphora  ochracen. 

Cliri/smni/iii   ('//■</>< j. 

Cli ri/soni'/i'i  n Ibirrps. 

Lucxlin  tericata. 

Lucilia  tasmaniensi'. 
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Mr.  Frogatt  points  out  that  A.  augur,  P.  stygia,  and  more  particularly 
C.  albiceps,  have  only  within  recent  years  acquired  the  habit  of  blowing 
sheep  wool,  and  C.  albiceps  has  now  become  the  dominant  species,  and 
has  to  a  large  extent,  ousted  A.  augur  and  P.  stygia.  I  have  suggested 
elsewhere  in  these  notes  another  possible  explanation  for  the 
decrease  in  the  numbers  of  the  other  two  species.  The  third  stage 
larva  of  Chrysomyia  albiceps,  in  India,  and  Mesopotamia,  feeds  entirely 
on  other  larvae  and  the  female  fly  deposits  its  eggs  among  the  eggs  of 
other  Calliphorinae  in  decomposing  bodies.  It  would  be  interesting 
and  important  to  know  whether  the  larvae  of  albiceps  are  necrophagous 
in  habit  in  Australia  in  the  absence  of  other  larvae  ?  Will  the  fly  lay  its 
eggs  in  soiled  wool,  which  does  not  already  contain  either  the  eggs  of 
larvae  of  other  Calliphorinae  ?  If  further  observations  on  the  third 
stage  larvae  of  albiceps  shew  that  it  does  not  feed  on,  and  destroy 
living  tissues,  and  that  the  fly  only  oviposits  in  soiled  wool  which 
contains  either  the  eggs  or  the  larvae  of  other  Calliphorinae,  then 
Chrysomyia  albiceps  must  be  regarded  as  a  useful  species.  My 
observations  on  the  breeding  habits  of  this  fly  in  Mesopotamia  rather 
tend  to  support  this  view,  for  I  have  pointed  out  that  in  that  country 
its  larvae  feed  on  the  larvae  of  Musca  determinata  and  M.  humilis  in 
heaps  of  horse  manure,  which  is  a  most  unusual  breeding  ground  for 
any  Calliphorine. 

The  third  stage  larvae  of  Chrysomyia  villeneuvii  Patton,  are  even 
more  predaceous  than  those  of  albiceps,  and  a  few  of  these  will  destroy  a 
large  number  of  other  larvae.  It  seems  to  me  it  would  be  worth  consider- 
ing the  introduction  of  this  species  into  Australia. 

The  Sarcophagid.b. 
The  larvae  of  many  species  of  Sarcophaga  have  been  recorded  from 
cases  of  myiasis,  the  flies  being  attracted  to  foul  smelling  sores  on  man 
and  animals,  but  only  a  very  few  have  been  accurately  identified.  The 
flies  normally  breed  in  decaying  animal  matter,  but  it  is  clear  that  some 
species  have  developed  the  habit  of  depositing  their  larvae  in  living 
tissues.  Sarcophaga  rujicornis  Fabr.,  is  believed  to  be  the  common 
myiasis-producing  species  in  India,  but  this  is  not  certain.  I  have  been 
told  that  cutaneous  myiasis,  due  to  the  larvae  of  Sarcophaga,  is  common 
in  South  India,  particularly  on  the  East  Coast,  but  so  far  I  have  only 
had  such  larvae  from  two  cases  from  Nellore.  Sarcophaga  chrysostoma 
Wied.,    is  another  noted  myiasis-producing  species  in  British  Guiana 
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ami  neighbtturiiif;  parts.  It  is  hoju'd  inori'  attention  will  he  [wid  to 
these  flies  in  the  future,  and  that  nil  such  liirviv  will  be  reared  to 
maturity,  the  adults  being  carefully  pinned,  with  their  puparia  especially 
the  males  and  some  of  the  larva?  preserved  in  spirit.  I  have  elsewhero 
pointed  out  how  the  larva;  of  Sarcophaga  may  be  distinguished  from 
those  of  the  (Jalliphorino)  (see  Part  VI  of  these  notes). 

Aphiochst.^. 
One  species  of  AphuKhaeta,  A.  xanthina  Speiser,  is  a  well  known 
myiasis-producing  Phorid,  and  I  have  in  this  journal  recorded 
several  cases  of  myiasis  caused  by  its  larvae  ;  and  another  species  .1. 
rufipes  Mg.,  which  appears  occasionally  to  cause  myiasis  in  animals 
in  India.  A.  xanthina  is  a  widely  distributed  species  occurring 
throughout  the  Tropics.  It  ha.s  been  recorded  from  West  Africa, 
C'entnil,  and  South  America,  and  British  Honduras  ;  it  is  found 
throughout  the  plains  of  India,  Burma,  Assam  and  Ceylon.  It 
bree<ls  in  a  variety  of  food  stuffs,  such  as  horse  manure,  decaying 
meat,  dead  insects,  and  in  cats'  and  dogs'  dung.  A.  rufipes  Mg.  is 
al.so  widely  distributed  and  breeds  in  similar  substances.  There  can 
be  very  little  doubt  that  when  the  larva?  of  these  Hies  are  better  known 
they  will  be  found  in  many  more  cases. 

:^.  Accidental   Mviasis-producing    Flie.s. 

In  this  group  I  include  all  those  flies  whose  eggs  or  larvas 
accidentally  find  their  way  into  the  alimentary  tract.  In  the  vast 
majority  of  cases  they  are  ingested  in  food  or  drink,  and  it  is  surprising 
to  find  how  careless  even  civilised  |>eo])le  are  in  this  respect,  when 
we  recall  the  difTerent  kinds  of  larvaj  which  have  been  found  in 
cases  of  intestinal  myia.sis.  For  example  the  drinking  of  ditch  water 
containing  the  larvae  of  several  species  of  ErisUilin,  and  Helophilun 
pendulut :  the  eating  of  cow  dung  containing  the  eggs  or  larvas  of 
Phtlaemalomyia  cratsiroslrit  ;  eating  fly  blown  meat  containing  the 
eggs  or  larva?  of  the  Sarcophagidee,  the  CnlUphorinae  or  Aphiochaela  ; 
eating  unc(M)ked  vegetables  containing  the  larvai  of  different  species 
of  the  Anthomyida',  especially  Fannia  canicular iti ;  eating  fruit 
containing  the  eggs  or  larvee  of  Drosophtla,  etc. 

Most  of  the  eggs  of  the.se  Hies  hatch  out  when  ingested,  and  the 
larvae  feeding  on  the  contents  of  the  intestines  are  able  to  reach 
maturity.     An<l    ui    the    case    of    AphuKhaeta    Ktidhtnn    the     larv«j 
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pupate  in  the  aliiueutary  tract  and  the  flies  may  even  hatch  out  in  the 
intestines. 

In  considering  the  flies  which  cause  intestinal  myiasis,  it  shouKl 
be  clearly  remembered  that  they  are  not  specific  myiasis-producing 
species  in  the  sense  that  they  lay  their  eggs  in  man's  food  in  order  to 
reach  his  intestine  ;  his  various  food  stuffs  are  only  some  of  those 
these  insects  select  as  food  for  their  larvse. 

The   Prevention  and  Control  of  the  Myiasis-producing 
DiPTERA  OF  India. 

Chrysomyia  hezziana  is  the  most  important  myiasis-producing 
Calliphorine  of  India,  and  the  fact  that  it  only  breeds  in  living 
tissues  of  man  and  animals  makes  the  task  of  control  a  most  hopeful 
one.  On  the  contrary  the  control  of  the  Screw-Worm  Fly  of  America 
•is  a  hopeless  task  as  this  fly  regularly  breeds  in  decaying  animal  and 
vegetable  matter. 

If  all  Medical  and  Veterinary  Oflicers  in  India  were  to  make  a 
point  of  destroying  all  the  larvae  of  hezziana  found  in  cases  of  myiasiS; 
its  numbers  would  be  very  materially  reduced.  But  the  most 
important  factor  in  its  control  will  be  the  education  of  the  masses  in 
India.  I  would,  therefore,  strongly  recommend  the  various  Health 
and  Welfare  Associations  in  India,  to  include  the  subject  of  myiasis 
in  their  curricula  of  lectures.  People  should  be  taught  the  great 
suffering  and  loss  hezziana  annually  causes  in  India,  that  it  only 
breeds  in  living  tissues,  that  its  very  existence  in  India  depends  on 
the  carelessness  of  people  in  not  protecting  themselves,  and  their 
animals,  from  its  attacks,  and  that  it  will  only  be  by  united  effort 
that  this  pest  can  be  reduced  and  perhaps  exterminated. 

The  efficient  protection  of  all  wounds,  sores,  etc.,  in  any  part  of  the 
human  body  is  of  the  first  importance,  and  when  invaded,  all  larvae 
should  be  destroyed  and  not  allowed  to  crawl  away  and  pupate.  A 
reference  to  the  notes  of  the  cases  of  myiasis  I  have  recorded,  clearly 
shew  that  hezziana  will  deposit  its  eggs  even  in  the  most  trivial  sore, 
and  that  unless  the  case  is  attended  to  at  once,  considerable  destruction 
of  tissues  will  follow.  The  most  serious  results,  however,  follow  the 
invasion  of  the  nose  and  accessory  sinuses  by  the  larvae  of  hezziana. 
If  the  fly  has  succeeded  in  laying  a  large  number  of  eggs  hundreds  of 
larvEe  soon  penetrate  high  up  into  the  sinuses  and  are  then  extremely 
difficult    to    dislodge.     In    the    sante   way  the  internal  ear    may    be 
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invadwl  and  destroyed.  A  swollen  face  and  nose  in  an  other- 
wise healthy  person  shouhl  at  once  suggest  myiasis  due  to  the  larvuj 
of  this  fly,  and  vigorous  treatment  with  douches  of  chloroform  water 
should  be  given. 

It  i.s  niost  important  to  protect  helpless  children,  and  agod  and 
in.sane  people  from  becoming  parasitised,  and  |)eople  witii  an  offensive 
discharge  from  either  the  nose  or  ears,  should  be  taught  to  keep  a  plug 
soaked  in  some  simple  antiseptic  in  these  natural  openings.  A  nose  bleed 
should  be  attended  to  at  once.  I  am  told  on  good  aut  hority  that  cases  of 
elephantiasis  in  beggars  on  the  West  Coast  of  India  area  fruitful  source  of 
bezziana,  the  large  ulcers  which  form  on  their  legs  attracting  the  female 
fly  to  oviposit  ;  the.se  people  should  be  made  to  protect  their  sores  from 
infection. 

But  there  can  be  very  little  doubt  that  bezziana  finds  its  most  exten- 
sive breeding  grounds  in  the  bodies  of  the  larger  animals.  Wounds  on 
animals  are  so  commonly  neglected  in  India,  and  are  often  ditiicult  to 
protect,  and  even  in  Veterinary  Hospitals  they  are  aj)t  to  beconje  blown. 
Neglected  sores  on  the  backs  of  ponies  and  donkeys  is  a  common  sight  in 
India,  and  I  have  no  doubt  they  annually  produce  large  numbers  of 
bezziaiia.  Animals  which  have  recently  given  birth  to  young  often  have 
vaginal  wounds  which  bezziana  readily  takes  advantage  of.  In  America, 
a  protective  dressing  of  equal  jjarts  of  beeswax,  fish  oil  and  carbon 
tetrachloride  worked  up  with  sufficient  vaselene  to  give  it  the  necessary 
consistency  is  largely  used  to  protect  sores,  wounds,  etc.,  on  animals, 
from  becoming  infected  with  the  larva?  of  the  Screw-Worm  Fly;  this 
dressing  might  with  advantage  be  used  in  all  Veterinary  Hospitals  in 
India,  especially  after  the  niins,  when  bezziana  is  most  active.  In 
treating  infected  wounds,  etc.,  it  is  nece.s,sary  to  remember  that  the 
larva:  should  be  induced  to  leave  the  ti.ssues  and  that  they  should  not  be 
killed  in  situ.  It  is,  therefore,  important  to  first  spray  the  infected 
part  with  a  little  glycerine  to  cause  the  maggo's  to  become  active 
and  then  to  spray  them  with  chloroform  water. 

The.se  remarks  a|>ply  equally  well  in  the  ca.se  of  the  semi-specific 
myiasis-prcxlucing  flies.  It  is  a  fortunate  thing  for  the  people  of  India 
that  the  purely  necrophagous  species  such  aa  Chri/i>oiniji'i  ineyairphala, 
Lucilui  ari/i/ricephalti,  .1  phioc/utela  xanUiina  and  Sarco/thaija  S|>  ?  are  oidy 
semi-specific  myiasis  protlucing  flies,  and  that  they  normally  bree<l  in 
decaying  animal  matter,  and  only  occasionally  deposit  their  eggs  or 
Urv»  in  living  tissni»«. 
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I  have  said  enough  to  slicw  that  there  is  a  great  opportunity  of 
teaching  the  masses  of  India  how  to  protect  themselves  and  their 
animals  from  the  attacks  of  bezziana,  and  that,  if  some  of  my 
suggestions  are  carried  out,  myiasis,  from  being  an  every-day  sight,  will 
become  a  rarity. 

In  concluding  these  notes  on  the  Indian  Calliphorinte,  I  would  like 
to  say  that  I  will  always  be  glad  to  help  Medical  and  Veterinary 
Officers  in  identifying  any  of  these  flies  and  their  larvue,  and  further, 
I  will  be  glad  of  any  material  bearing  on  this  subject,  particularly 
any  species  of  myiasis-producing  Sarcophaga  and  any  of  the  larvit- 
and  adults  of  the  CEstndae.  Very  little  is  Icnown  of  the  (Eslridae 
parasitic  in  wild  animals  particularly  deer  and  antelopes  in  India, 
and  much  material  might  be  collected  by  Medical  officers  and  others 
when  on  Shikar  trips.  Specimens  should  be  sent  to  me  at  the 
Zoological  Department,   Edinburgh  University. 

I  wish  also  to  take  this  opportunity  of  thanking  the  Governing  Body 
of  the  Indian  Research  Fund  Association  for  their  generous  financial 
help  which  alone  has  made  this  enquiry  possible,  and  all  those  Medical 
and  Veterinary  officers  who  have  collected  and  sent  me  the  larvit  of  the 
myiasis-producing  flies  of  India. 
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Introduction. 

The  flies  which  form  the  subject  of  this  paper  beloiif;  to  the  fiiiiiiiy 
Phorida;,  a  Hinal!  group  of  highly  speciaiiKcd  Diptera,  with  a  characteristic 
hum-li-backed  appearance  and  rapid  jerky  movements  hy  which  they  can 
always  l>e  recognised.  Two  intportant  characters  whiiii  are  common  to 
all  the  s^iecies  should,  however,  be  noted.  The  antenna  consists  of  a  large, 
somewhat  spherical,  third  joint  which  obscures  the  basal  ones,  and  has 
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attaclied  to  its  dorsum  in  some  species,  and  to  its' apex  in  others,  a  long 
feathery  bristle,  the  arista.  The  wings  are  usually  large,  the  costal 
vein  ending  near,  or  at  the  middle  of,  the  vnng  ;  the  first  and  third 
long  veins  are  strongly  developed,  and  the  latter  ma}-  be  forked 
at  its  apex  at  the  end  of  the  costal  vein.  Four  indistinct  veins  run 
obliquely  across  the  wing. 

Though  most  species  breed  in  decaying  animal  and  vegetable 
matter,  in  birds'  nests,  and  in  fungi,  some  have  very  remarkable  life 
histories.  The  larva  of  one  species  is  known  to  live  in  the  head  of  an  ant, 
another  lives  curled  up  round  the  neck  of  the  larva  of  an  ant  as  a 
commensal,  being  fed  with  the  food  of  the  ant  larva  ;  some  breed  in 
bees  and  wasps'  nests,  and  one  species  is  known  to  parasitise  the  eggs 
of  a  spider.  But  the  most  remarkable  Phorid,  a  wingless  species, 
Termitoxenia  heimi  Wasm.,  lives  in  the  nests  of  various  species  of 
Termites  and  is  totally  unlike  a  fly. 

The  family  Phorid^  is  placed  by  some  authorities  at  the  end  of  the 
Orthorrapha,  and  by  others  in  the  Cyclorrhapha.  There  can  be  very 
little  doubt  that  the  study  of  their  early  stages  will  throw  considerable 
light  on  their  exact  position.  The  fact  that  the  larva  of  Aphiochaeta 
xanthina  possesses  serrated  mandibles  seems  to  me  to  suggest 
relationships  with  the  Orthorrapha. 

During  the  course  of  my  enquiry  into  the  myiasis-producing  flies 
in  India  I  have  had  the  larvse  of  two  species  of  Aphiochaeta  sent  me  along 
with  those  of  Ghrysomyia  bezziana.  One  of  these,  A.  xanthina,  is 
extremely  common  all  over  the  plains  of  India,  and  its  larvae  are  known 
to  cause  myiasis  in  man  and  animals  ;  yet  it  is  surprising  how  few  cases 
have  been  recorded  in  India.  This  is  perhaps  due  to  the  fact  that  its 
larvae  are  very  small  and  readily  escape  detection,  and  that  the  adult  fly 
is  not  known  to  most  Medical  and  Veterinary  officers.  I  propose 
therefore  describing  and  illustrating  it,  as  well  as  its  early  stages,  and 
also  another  species,  A.  rufipes,  whose  larvae  occasionally  cause  myiasis 
in  animals.  The  following  notes  relate  to  the  cases  of  myiasis  from 
which  I  have  had  the  larvae  of  Aphiochaeta  sent  me. 

Case  1. — About  20  larvae  of  xanthina  were  sent  by  Rao  Bahadur 
W.  V.  Kane,  L.  M.  &  S.,  together  with  larvse  of  Chrijsomijia  bezziana 
collected  from  the  sloughing  wound  following  a  perineal  abscess.  (See 
Some  Notes  on  Indian  Calliphorinse,  Part  7,  case  37.) 

Case  2. — ^A  number  of  second  and  third  stage  larvae  of  xanthina  were 
sent  by  Sub-Assistant  Surgeon  Boishab  Charan  Salen,  Phulbani,  Orissa, 
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which  were  collectetl   together  with  larviv  of  Chrj/nomi/id  bezziaiiu  from 
an  ulcer  on  the  scalp  of  a  small  boy  (See  Case  57). 

Case  3. — A  number  of  mature  larva;  of  jrattlliiiid  were  sent  bv 
Veterinary  Assistant  G.  V.  Dailhe,  Jalpion,  Kast  Kiiandesii,  Hombay, 
collected  frt)m  the  gangrenous  tail  of  a  bullock. 

Case  4. — A  number  of  second  and  third  stage  larv»  of  datHhina  and 
rufipes  were  sent  by  Mr.  B.  B.  Joshi,  Officer  in  charge  of  the  Public 
Veterinary  Hospital,  Bhaniburda,  Poona,  collected  from  a  wound  on  the 
horn  of  a  bull  calf. 

Case  5. — A  number  of  mature  larvse  of  xanthiiin  were  sent  together 
with  those  of  Chrysomyia  bezziana  by  Veterinary  Assistant  M.  R. 
Tagore,  Sevada.  East  Khandesh,  Bombay,  collected  from  a  wound  on 
the  neck  of  a  bullock. 

Crt«e  6.— A  number  of  third  stage  larvae  of  rufijyes  were  sent  by 
Mr.  B.  B.  Joshi,  Bhamburda,  Poona,  collected  from  a  wound  on  the  tail 
of  a  bullock. 

APHIOCHAETA  XANTIIIXA  Speiser. 
Early  St.vges. 

The  eggs  of  xanthina  (Plate  LXV,  fig.  1)  measures  O'i'in  length, 
and  is  boat-shaped,  and  of  a  silvery  white  colour.  A  narrow  scalloped 
frill  extends  around  the  egg  rather  nearer  the  lower  than  the  upper 
surface.  The  upper  surface  is  covered  with  about  16  rows  of  about 
60  snow-white,  short,  recumbent  spines.  The  ventral  surface  is 
ornamented  with  regular  hexagonal  markings.  The  eggs  hatch  in 
28-3G  hours. 

A  male  and  a  female  were  placed  together  in  each  of  .seven  small 
corked  glass  sjiecimen  tubes  and  were  given  a  freshly  killed  larva  of 
Z/Uc«7iVi  crrt^</ji  to  feed  on.  Copulation  was  observed  to  take  i)lace  on 
the  second  day  after  the  flies  had  hatched;  the  act  was  of  short  duration. 
Fresh  larva)  were  given  a.s  soon  as  the  previous  ones  had  died,  and  this 
was  accomplishetl  by  transferring  the  pair  to  another  tube  in  which  the 
larva  was  crushed.  All  the  males  died  during  the  first  seven  days  of  the 
experiment.  In  each  case  egg  laying  began  on  the  third  day  after 
copulation  and  about  seven  days  after  hatching.  The  eggs  were  laid 
by  the  females  in  batches  of  from  3  to  80  in  number,  they  were  scattered 
about  the  tube  sometimes  laiil  on  the  crushed  larvae,  an<l  very  often  in 
crevices  in  the  cork.  The  shortest  interval  between  each  batch  was 
about  two  days,  and  the  longest  six  days.  Seven  to  eight  batches  were 
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laid.  As  the  females  were  transferred  daily  to  fresh  tubes,  it  was 
possible  to  count  every  egg  which  was  laid.  The  following  gives  the 
counts  of  the  eggs  laid  by  the  seven  females : — 

No.  1.  Lived  27  days  and  laid  218  eggs. 

No.  2.  Lived  31  days  and  laid  313  eggs. 

No.  3.  Lived  31  days  and  laid  334  eggs. 

No.  4.  Lived  26  days  and  laid  344  eggs. 

No.  5.  Escaped  on  the  22nd  day  having  laid  142  eggs. 

No.  6.  Lived  30  days  and  laid  289  eggs. 

No.  7.  Lived  30  days  and  laid  289  eggs. 
The  average  maximum  room  temperature  at  the  time  was  68°  F  and 
the  minimum  65-7 °F,  the  humidity  84. 

The  mature  larva  (Plate  LXV,  Fig.  2)  measures  1/6"  iu  length 
and  is  of  a  dirty  white  colour.  The  head  segment  is  small  and  pointed, 
the  small  conical-shaped  antennae  projecting  from  the  sides  ;  each 
consists  of  a  broad,  basal,  cone-shaped  segment,  to  which  is  joined  two 
smaller  segments.  The  cephalopharynx  is  provided  with  two  well- 
developed  mandibles  in  place  of  the  usual  hooks  and  each  is  armed  with 
.  about  ten,  strong  chitinous  teeth.  The  j^rothorax  is  short  and  broad, 
and  has  a  fleshy  pointed  process  at  its  anterior  and  lateral  aspect. 
The  anterior  spiracles  are  small,  brown,  chitinous  knobs  which  project 
from  the  sides  below  and  to  the  outer  sides  of  the  fleshy  processes. 
The  remaining  segments  gradually  broaden  out,  the  larva  being 
broadest  at  the  posterior  end.  Each  segment  is  armed  with  a  fleshy 
process  at  its  upper  end  and  a  pair  or  more  on  the  dorsal  surface  on  each 
side  of  the  middle  line.  These  processes  gradually  increase  in  length, 
and  are  longest  on  the  eighth  segment.  The  anterior  ends  of  the 
segments  are  covered  with  a  few  rows  of  microscopic  spines.  The 
posterior  spiracles  are  situated  on  the  dorsal  surface  of  the  eighth 
abdominal  segment  ;  each  ends  in  a  brown  chitinous  hump,  the 
spiracular  opening  consisting  of  a  narrow  slit  at  the  apex.  There  are 
two  long  fleshy  processes  at  the  sides  of  the  last  segment,  and  a  smaller 
pair  on  each  side  of  the  middle  line. 

The  mature  larva  when  about  to  pupate  ceases  to  move  and  assumes 
a  humped  appearance,  slowly  becoming  darker.  About  the  .sixth  to  the 
eighth  day,  the  anterior  respiratory  processes  begin  to  project  through 
the  slcin  at  the  sides  of  the  metathoracic  segment.  If  they  are  carefully 
watched  it  will  often  be  noted  that  one  appears  before  the  other.  When 
they  are    completely    extruded    they    form    long,   divergent,    rod-like, 
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ohitiimiis  pnirc^sos,  tlio  hiisal  half  dark  lirown  ami  t  lu>  apical  lif^lit  cr. 
Tho  eiul  of  each  is  scooped  out,  the  concave  side  dirccteti  downwards 
and  inwards,  the  openina;s  of  the  spiracles  beinij  situated  all  aloiifj  I  lie 
margin  of  the  hollow  and  on  the  outer  and  lower  sides  of  the  shaft. 
When  examined  with  a  hifjh  power  it  will  he  seen  that  the  minute 
protuberances  are  in  reality  openings  of  the  spiracles  (Plate  LXV, 
Fis;.  4).  The  pupariura  (Plate  LXV,  Fig.  3)  is  a  little  shorter  than  the 
mature  larva. 

The  first  larval  stage  lasted  about  one  to  one  and  a  half  days,  the 
second  three  to  five  days,  and  the  third  stage  from  six  to  eight  days.  The 
mature  larva  took  from  four  to  six  days  to  pu])ate,  and  the  flies  hatched 
out  in  from  seven  to  nine  days.  The  whole  cycle,  from  the  egg  to  the 
adult,  occupied  from  21  to  27  days.  The  fly,  when  about  to  emerge 
pushes  off  the  upper  surface  of  the  puparium  which  splits  along  the 
middle  line  up  to  the  end  of  the  first  abdominal  segment. 

The  Adults. 

Head  broad  (Plate  LXV,  Fig.  5),  yellowish  brown,  eyes  black, 
widely  separated  and  covered  with  minute  hairs.  Front,  broad  covered 
with  small  bri.stles  ;  ocellar  triangle  well  marked,  especially  in  the  male  ; 
ocelli  large  and  situated  close  together.  Two  large  reclinate  bri.stles 
close  to  the  posterior  ocelli,  and  two  a  little  distance  in  front  of  the 
ocellar  triangle  on  each  side  of  the  middle  line.  A  row  of  four  reclinate 
bristles  running  along  the  inner  borders  of  the  eyes  and  forming  a 
curve,  the  apical  one  on  the  vertex  jast  inside  the  upper  angles  of  the 
eyes.  A  row  of  four  proclinate  bristles  arranged  in  the  shape  of  the 
letter  U  at  the  lower  end  of  the  front.  Two  large  bri.stles  on  cheek.s. 
Antenna;  short,  the  basal  segments  obscured  by  the  globular  third 
segment,  the  arista  (Plate  LXV,  Fig.  .5)  projects  outwards  from  the 
dorsum  of  the  third  segment  and  consists  of  two  short  ba.sal  segments 
and  a  long  feathery  apical  one.  Palpi  elongated  and  club-shaped, 
armed  at  their  apices  with  five  long  bristles,  four  sub-dor.sjil  and 
one  ventral  ;  all  bristles  of  head  minutely  feathered.  The  front  of 
the  male  is  slightly  narrower  than  that  of  the  female. 

Thorax  yellowish  brown  (Plate  LXV,  Fig.  fi),  usually  lighter 
towards  the  anterior  end  and  often  with  a  faint  indication  of  a  dark 
central  stripe,  and  one  on  each  side  ;  surface  of  thorax  covered  with 
hairs.  Pleurw  light  yellow.  Bristles  arranged  as  follr>ws  :  A  pair  ol 
bristles   at  the  base   of  the  thorax   on  wich  side  of  the  middle  line, 
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five  bristles  along  the  margin  of  the  thorax  and  four  bristles  on  the 
scutellum,  the  larger  pair  crossed. 

Abdomen,  female  (Plate  LXV,  Fig.  6),  yellowish  brown, 
sometimes  quite  light,  but  usually  dark  brown.  A  dark  band 
extending  along  lower  border  of  apparent  second  segment,  with  a  break 
in  the  middle  in  the  shape  of  the  letter  U.  Band  on  third  segment 
somewhat  similar,  but  the  break  is  wider.  The  band  on  the  fourth 
segment  extends  to  the  lower  border  of  the  segment,  and  the  arms  of  the 
U  nearly  reach  the  upper  border,  the  remainder  of  the  segment  much 
lighter.  All  the  other  segments  are  iu  most  specimens  black.  These 
markings  are  very  variable ;  in  some  specimens  they  are  much  more 
developed,  while  in  others  they  are  much  reduced.  In  the  male 
abdomen  (Plate  LXV,  Fig.  7)  the  dark  markings  are  nearly  always 
much  more  extensive,  often  only  leaving  white  dots  or  stripes  on  the 
dorsal  surface.  These  appearances  are  well  shewn  in  figures  6  and  7 
on  the  Plate  LXV  ;  they  represent  the  markings  on  a  large  number  of 
bred  specimens. 

External  genitalia  of  male  is  very  complicated  and  I  do  not  propose 
attempting  to  describe  it  here  ;  the  two  stiff  bristles  at  the  apex  of  the 
finger-like  process,  which  appear  to  be  the  homologue  of  the  superior 
clasper,  are  very  characteristic  of  this  species. 

Legs  pale  yellow  and  covered  with  numerous  hairs  and  bristles. 
Coxae  with  stifE  black  bristles  ;  fore  femora  with  several  stout  bristles  at 
the  apex,  and  tibiae  with  a  row  of  short  bristles  on  the  front  aspect.  Mid 
tibia;  with  a  very  long,  stout,  black  bristle  at  its  apex,  and  another 
shorter  one  at  the  apical  end  of  the  first  tarsal  segment.  Hind 
femora  with  a  characteristic  dark  spot  at  the  apical  end,  and  one 
moderately  stout  bristle  at  the  apex  of  the  tibiae,  in  addition  to  several 
smaller  ones. 

Wings,  whitish  yellow  with  two  short  rows  of  short,  stout  bristle 
along  the  upper  border  of  costa  extending  to  the  bifurcation  of  the 
third  vein.  Five  long  feathered  bristles  in  a  row  along  the  inner  margin 
of  the  wing  in  front  of  the  alula  in  the  female  and  four  in  the  male  :  this 
number  is  characteristic  of  this  species.  Venation  of  wings  well  shewn 
in  the  drawing  of  the  female. 

Ajihiochaela  xanthinn  is  perhajisthe  most  widely  distributed  species 
of  the  genus,  having  been  recorded  from  most  parts  of  the  tropical  and 
subtropical  regions  of  the  worid,  and  its  larvae  are  known  to  cause  myiasis 
in  man  and  animals.     I  have  bred  this  species  from  horse  dung,  cat  and 
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Hoff  dung,  stale  and  decaying  meat  and  in  the  dead  bodies  of  insects.  It  is 
evidently  attracted  to  foul  smelling  discharge  from  sores,  etc.,  in  which 
the  female  will  readily  deposit  its  eggs.  Its  eggs  and  larvie  probably 
gain  entrance  to  the  human  alimentary  tract  in  food  and  particularly  in 
stale  meat.  I  have  given  a  large  number  of  eggs  ami  larvic  on  pieces 
of  banana  to  monkeys,  but  unfortunately,  owing  to  the  difficulty  of 
detecting  the  larva?  in  the  food,  fteces,  etc.,  in  the  pan  below  the  cages, 
I  have  not  been  able  to  find  any  of  the  stages,  and  have  not  been 
able  to  discover  whether  the  fly  can  complete  its  life-history  in  the 
alimentary  tract  of  the  monkey.  These  exjjeriments  would  be  worth 
repeating. 

Aphiochaetd  xanthina  can  be  bred  indefinitely  in  tubes  in  the  way 
described  above,  and  the  larvse  arc  extremely  hardy  and  can  resist  long 
immersion  in  various  fluids,  including  alcohol.  It  is  interesting  to 
note  that  in.stead  of  the  usual  hooks  the  larva  is  armed  with  serrated 
mandibles  not  unlike  those  of  the  larva  of  some  Nematoccra. 

APHIOGHAETA  RU PIPES. 
Early  Stages 

As  I  have  not  bred  this  species  I  have  not  had  an  opportunity  of 
examining  its  egg,  first  and  second  stage  larva.  The  adults  were  bred 
out  of  a  number  of  third  stage  la  rvtc  sent  mefromthe  two  cases  of  myiasis 
recorded  above. 

The  mature  larva  (Plate  LXV,  Fig.  8)  measures  about  ^"  in  length 
and  is  of  a  yellowish  white  colour.  It  is  very  similar  in  general 
appearance  to  the  larva  of  j«>i</it«rt,  and  this  is  well  shewn  in  the  two 
drawings.  It,  however,  has  the  ordinary  mouth  hooks.  The  prothorax 
of  the  larva  of  nifipfS  is,  however,  armed  with  a  small  half 
moon-shaped  plate  of  chitin  on  its  doi-sal  surface,  the  convex  side  of 
the  plate  being  <lirected  towards  the  head  ;  the  anterior  spiracles 
project  from  the  sides  of  the  segment,  their  apices  ff)rmeil  of  small 
chitinous  knobs.  On  the  dorsal  surface  of  the  mesothorax  there  arc 
four  small  chitinous  plates,  the  outer  pair  being  the  larger  and  almost 
circular  in  shape,  the  median  (Kiir  arc  smaller  and  more  or  less 
elongated.  On  the  ventral  side  of  the  segment  there  is  a  small 
rectangular  jilate  of  chitin  in  the  mid-ventral  line  with  ten  small  teeth 
at  its  anterior  eml.  All  the  budy  segments  are  provided  with  six 
pairs  of  hairy,   fleshy  processes,  which  increase  in  length  from  before 
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backwards  ;  one  on  each  side  of  the  outer  edge  of  the  segment 
and  a  pair  on  each  side  of  the  middle  line  of  the  dorsal  surface.  The 
posterior  spiracles  are  situated  close  together  on  the  dorsal  surface  of 
the  u])per  edge  of  the  eighth  abdominal  segment,  each  consists  of  a 
sm-ill  chitiuous  hump  with  the  spiracular  knob  projecting  from  its 
apex.  The  processes  at  the  sides  of  the  segments  are  long  and 
covered  with  hairs.  The  whole  surface  of  the  body  of  the  larva  is 
minutely  pilose. 

The  puparium  (Plate  LXV,  Fig.  9)  is  in  every  way  similar  to  the 
mature  larva.  The  anterior  spiracles  (Plate  LXV,  Fig.  10),  however, 
instead  of  being  simple  rod-like  structures  with  the  spiracles  opening 
at  the  apex  as  in  the  case  of  the  puparium  of  xanthina,  have 
attached  to  them  a  delicate  membrane  which  gives  support  to  the 
minute  tracheal  tubes  running  out  from  the  main  trunk  in  the  rod  and 
ending  in  minute  openings  at  the  margin  of  the  membrane.  This  type 
of  spiracles  is  characteristic  of  the  puparia  of  a  number  of  species  of 
Aphiochaeta  I  have  had  the  opportunity  of  examining. 

The  Adults. 

Head  (Plate  LXV,  Fig.  11)  somewhat  narrower  than  that  of 
xanthina  ;  eyes  black,  widely  separated,  and  only  sparsely  covered  with 
hairs.  Front  broad  with  some  small  bristles  ;  two  large  recUnate  ocellar 
bristles  and  two  below  and  to  the  outer  sides  of  the  front  ocellus  ;  three 
large  bristles  close  to  the  eyes  and  four  arranged  in  pairs  at  the  lower 
end  of  the  front,  the  lower  pair  attached  near  each  other.  Third  joint 
of  antenna  large  and  conical  in  shape  ;  arista  arising  from  near  the 
apex  and  consisting  of  two  small  joints  and  a  long  sparsely  terminal 
one.     Palpi  broad  and  elongated  with  five  bristles  at  the  apical  end. 

Thorax  (Plate  LXV,  Fig.  12),  dark  brown,  often  with  a  reddish 
tinge,  and  in  dried  specimens  appears  almost  black,  covered  with 
minute  hairs.     Bristles  arranged  as  follows  : — 

A  pair  of  bristles  at  the  side  of  the  base  of  the  thorax  ;  a  long 
scutellar  bristle  and  a  smaller  one  at  each  side  near  the  base  ;  five 
bristles  situated  along  the  margin  of  the  thorax. 

Abdomen  (Plate  LXV,  Fig.  12),  dark  brown,  often  blackish  in  dried 
specimens  ;  ventral  surface,  light  yellow.  Legs,  light  yellow  ;  fore  tibiae 
with  a  row  of  five  short  bristles  on  the  outer  aspect  ;  mid  tibiae  with 
two  long,  stout  bristles  on  the  outer  side  just  below  the  apex  on  the 
inner    side.     Hind  femora   short  and   stout ;    tibise   with    two    large 
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l>ristlcs<)n  the  inner  side.  Wings  with  a  dnuhlc  row  of  sliort  hristirs  on 
tl«>  co,sta  extending  up  to  the  bifurcation  of  the  third  vein  ;  ii  small 
l>ristle  on  the  thirtl  vein  near  its  basal  end,  and  a  long  .stout  one  on 
the  Iwsal  end  of  the  second  vein.  A  single  feathered  bristle  at  the 
inner  margin  of  the  wing  in  both  se.xes. 

As  far  as  I  am  able  to  ascertain  this  species  is  Meigen's  ruJiiKs  ; 
its  larvw  have,  I  believe,  been  recorded  from  myiasis  in  man.  1 
wish  to  thank  Mr.  Hninetti  for  giving  me  tiie  correct  synonym)'  of 
.1.    X'liifhina. 
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C4  CULTURE  METHODS. 
C41  AEROBIC  CULTURE. 

Notes. — 'Culture  under  conditions  jjermitting  of  free  access  of  aii-.  The  metlioiis 
given  under  this  heading  are  general  and  are  equally  ai)i)licable  to  anaerobic  culture. 
Many  of  the  activities  of  bacteria,  such  as  fermentation,  etc.,  and  which  are  described 
under  a  separate  headin<;,  might  be  described  as  culture  methods. 

C4-11  SOWING. 

C4-111  FLUID  MEDIUM.— (1)  Grip  firmly  the  lower  ends  of 
seed  T.T.  and  ciiltiu'e  T.T.  between  fingers  and  thumb.  (2)  Pass 
the  wool  plug  and  the  mouth  of  each  T.T.  thi'ough  the  Bunsen 
flame.  (3)  Extinguish  the  lighted  wool.  (4)  Remove  the  plugs  and 
place  on  the  laboratory  bench.  (.5)  Take  up  seed  material  from  the  seed 
cidture  on  a  platinum  loop'  and  transfer  it  rapidly  to  the  cultme  medium 
in  which  it  is  to  be  sown.  (6)  Distribute  the  seed  in  the  medium.  (7) 
Sterilize  the  platinum  loop  in  the  Bimsen  flame.  (8)  Pick  ujj  each  wool 
plug  in  tm'u  with  sterilized  forceps  and  pass  through  the  Bunsen  flame. 
(9)  Extinguish  the  lighted  wool.  (10)  Replace  the  wool  plugs  in  their 
T.T.  (11)  Pass  the  wool  plug  and  the  motith  of  each  T.T.  once  more 
through  the  Bimseu  flame  and  extinguish  the  lighted  wool.  (12)  Write 
details  of  culture  on  the  freshly  sown  T.T.  with  a  glass  pencil.  (1,3) 
Incubate. 

Notes. — 'Other  instruments  fur  sowiug  are  straight  platinum  wire,  tliin  glass  rod 
with  slightly  turned  up  end,  badger  liair  bi-ush,  capillary  pipette,  and  syringe. 
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C4-112  SURFACE'  MEDIUM,  SLOPE— (1)  Place  the  end  of  a 
platinum  loop  or  other  instrumeut  (.'oiitaiuing  seed  material  on  the  lowest 
part  of  the  surface  of  the  medium  slope-.  (2)  Draw  it  upwards  along  the 
length  of  the  surface  in  straight  or  closely  zig-zag  line. 

Notts. — 'If  till'  9urfacv  is  dry,  luuisture  cuu  be  iiiudt'  to  exuiic  u|>uii  it  by  heating 
the  medium  in  a  free  llame  without  melting  it.  -The  same  ))rinciple  uf  distnbutiun  o( 
seed  holds  good  fur  plate  surface  sowing.  The  medium  may  be  nutrient  agar,  gelatin 
coagulated  serum.   C'jg.  etc. 

C4-113  SURFACE  MEDIUM,  PLATE .— (1)  Melt  the  medium' 
to  be  ased  by  keeping  it  at  boiling  water  temperature.  {'!)  Allow  to  cool 
to  between  i'2  and  45C.  (3)  Pour  a  suthciejit  quajitity  of  the  melted 
medium  into  the  mider  portion  of  a  slightly  warmed  Petri  plate  to  form 
a  thin  continuous  layer.  (4)  Apply  the  plate  cover.  (5)  -Ulow  the 
medium  to  set  fast.  (6)  Sow-  test  material  by  distributing  it  over  the 
surface  of  the  congealed  medium  with  platinum  needle,  platinum  loop, 
right  angled  glass  rod,  or  other  suitable  instrument.  (7)  Incubate  the 
plate  in  the  inverted   position. 

Notts. — 'The  medium  may  be  contained  in  a  llask  or  T.X.  It  may  be  gelatin  or 
DUtrient  agar.  -It  is  an  advantage  to  sow  on  a  dry  surface  so  that  spreading  of  eolonics 
may  not  take  place.  The  plate  may  be  dried,  if  necessary,  in  the  incubator  or  hot  air  oven 
before  sowing  ;  <ir,  if  at  the  time  of  sterilization,  a  slripof  lilter  jmiJcr  be  fastened  into 
the  cover  of  the  plate  with  sealing  wax,  and  with  its  ends  projecting  to  the  outside,  the 
condensation  water  which  forms  will  be  soaked  up  and  evaporate  away.  -To  avoid 
falling  of  eondeiisiitinii  water.       if  it  fniin-.  upi'ii  llic  >o»n  ajiar  surface. 

C4114  SURFACE  SERUM  AGAR  PLATE.— (1)  -^lelt  ^  ''I 
of  nutrient  agar  by  keeping  at  boiling  water  temperature. 
(2)  Allow  to  cool  to  between  42  and  45C.  (3)  Keep  3  T.T.  containing 
sterile  blood  serum  in  a  water  bath  at  42C.  (4)  Pour  the  contents  of 
each  of  the  serum  T.T.  into  one  of  the  T.T.  containing  melted  agar. 
(5)  Mi.x  by  rotating  the  T.T.  between  the  palms  of  the  hands.  (6)  Pour, 
while  still  fluid,  into  a  Petri  plate.  (7)  Prepare  two  similar  plates  with 
the  remaining  .serum  and  agar.  (8)  Dry  the  prepared  plates  at  (50C.  ('J) 
.\pply  a  .-"mall  (juantity  of  the  test  material  to  the  surface  of  the  serum 
agar  of  No.  1  plate.  (10)  Spread  the  test  material  over  the  surface  with 
a  sterile  right  angled  glass  rod.  (11)  Sow  the  2nd'  ajid  3rd'  plates  with 
the  .same  glass  rod  without  recharging  it  or  resterilizing  it. 

Notts. — 'Uiserete  culonieit,  if  not  obtained  on  No.  I  plate,  will,  iil  all  eveiitx,  l)e 
obtained  on  Vo.  2  or  .'t. 

C4-115  SUBSTANCE  MEDIUM,  PLATE.  (1)  .M-ii  the  medium 
to  be  a->ed  by  keeping  it  at  boiling  water  temperature.  (2)  .Allow  to 
cool  to  between  42  and  450.     (3)  Pour  a  sufficient  quantity  of  the  melted 


694  Bacteriological  mid  Laboratory  Technique. 

medium  into  a  Petri  plate  to  form  a  thin  continuous  layer.     (4)  Allow 

to  set  fast.     (5)  Pour  melted  medium,  which  has  been  already  sown 

with  test  material,  on  to  the   layer  of  congealed  medium  in  the  plate. 

(())  Allow  to  set.     (7)  Cover  this  second  layer  again  with  a  thin  layer  of 

melted  medium.     (8)  Apply  the  plate  cover.     (9)  Allow  to  set.     (10) 

Incubate'. 

Notes. — 'Organisms  develop  into  colonies  in  the  substance  of  the  middle  layer,  and 
dilTiiiulties  connected  with  the  spreadinj;  action  of  water  of  condensation  are  avoided. 

C4-116  SUBSTANCE  MEDIUM,  PLATE— (1)  Melt  the  medium' 
by  keeping  it  at  boiling  water  temperature.  (2)  Allow  to  cool  to  42C. 
(3)  Sow  material  for  cultme  in  the  substance  of  the  melted  medium  with 
platinum  loop  or  needle.  (4)  Rotate  the  T.T.  between  the  palms  of  the 
hands  to  mix.  (5)  Pour  the  sown  medium  into  a  slightly  warmed  Petri 
plate.  (6)  Apply  the  cover.  (7)  Invert^  the  plate  as  soon  as  the 
medium  has  set  so  as  to  make  the  cover  the  lower  of  the  two  portions. 
(8)  Incubate. 

Notes. — IThe  medium  used  may  be  gelatin  or  nutrient  agar.  In  the  case  of  gelatin 
the  medium  can  be  melted  and  sown  at  lower  temperatures  than  in  the  case  of  nutrient 
agar.  The  medium  for  this  method  of  plating  is  usually  kept  in  T.T.  in  amt.  of  10 
to  20  c.c.  according  to  the  size  of  plate  used.  -The  mversion  allows  of  the  condensation 
water  collecting  on  the  cover  of  the  plate  instead  of  on  the  surface  of  the  medium.  If  it 
collected  on,  or  fell  on  to,  the  surface  of  the  medium,  surface  colonies  would  spread 
all  over  the  plate  and  so  prevent  differentiation.  Gelatin  plates,  used  to  show 
liquefaction,  are  not  inverted. 

C4-117  SUBSTANCE  MEDIUM,  STAB— (1)  Charge  a  straight 
platinimi  wire  with  seed  material.  (2)  Pass  the  charged  wire  into  the 
ciUture  T.T.  held  inverted  till  it  touches  the  upper  surface  of  the 
medium'.  (3)  Push  the  charged  needle  with  rapid  movement  into  the 
medium  and  withdraw  it  again. 

Notes. — 'The  T.T.  with  its  contained  medium  may  be  allowed  to  fall  by  its  own 
weight  on  to  the  charged  platinum  wire,  which  is  held  fixed.     Stab  culture  into  the  butt 

of  an  agar  slope  may  be  sumctiiiRs  usefully  combined  with  surface  culture. 

C4-118  SUBSTANCE  MEDIUM,  SHAKE— (1)  Melt  the  medium^ 
in  its  T.T.  (2)  Allow  to  cool  to  42C  or  to  a  lower  temperature  in  the 
case  of  gelatin.  (3)  Sow  material  for  cultiue  in  the  melted  medium 
with  platinum  loop  or  needle.  (4)  Rotate  the  T.T.  between  the  palms 
of  the  hands  to  mix.     (5)  Allow  to  set.     (6)  Incubate. 

Notes. — 'The  medium  should  be  specially  transparent  to  permit  of  detection  of 
colonies  in  its  substance. 

C4-119  ROLL  CULTURE.— (1)  Melt  the  medium!  in  its  T.T.  (2) 
Allow  to  cool  to  42C  or  to  a  lower  temperature  in  the  case  of  gelatin. 
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(3)  Sow  material  for  culture  in  the  melted  mediiun.  (i)  B.oM-  the  T.T. 
held  horizontally  luitil  the  medium  sots  upon  the  surface  of  the  glass. 

(5)  Incubate. 

Notts. — lOnly  a  .'small  quantity  of  medium,  about  5  c.c,  is  rccjuirp  i,  n.s  the  film 
formini  upon  the  glass  should  be  thin  to  allow  of  examination  under  a  low  i>ower  micro- 
scope. If  agar  is  the  nutrient  medium,  it  muat  be  of  strength  3  or  4  per  cent,  to  adhere 
satisfactorilr  to  the  glass.  -Rolling  in  cohl  water  or  upon  a  block  of  ice  accelerates  the 
setting. 

C4-12  EXAMINATION  OF  COLONIES. 

C4-121  PLATE  CULTURE.— (I)  Remove  the  cover  of  the  plate.  (2) 
Examine  the  coIouIh.'s  Uy  naked  eye  and  hand  lens  under  a  good  light.' 
(3)  Note  the  characters  of  the  colonies,  (i)  Place  the  plate  on  the 
stage  of  the  microscope.     (5)  Use  a  low  power  objective  and  eyepiece. 

(6)  Swing  out  the  condenser  and  narrow  down  the  aperture  of  the 
diaphragm.  (7)  Focus'  single  selected  colonies  in  turn.  (8)  Note  the 
character  of  the   colonies.     (9)  Fix   on    the   colonies  to  be  identified. 

(10)  Touch  each  colony  witli  the  point  of   a   sterile   platinum    needle. 

(11)  Transfer  to  fresh  medium  as  a  pure  culture.  (12)  Subject  the 
culture,  after  incubation,  to  further  tests  for  identification. 

Notts. — (Oblique  illumination  may  br  required  to  show  up  colonicH.  A  beam  of 
strong  light  after  jwssing  through  a  slit,  if  obtninablo,  is  very  useful  for  the  examina- 
tion I'f  L'rontlis. 

04*122. — (1)  Examine  slope  cidture  colonies  by  naked  eye  and  hand 
lens  under  a  good  light.  (2)  Place  the  T.T.'  on  the  stage  of  the  micro- 
scope and  examine  under  a  low  power  objective  and  with  a  narrowed 
diaphragm. 

Notts. — 'Condensation  water  on  the  wall  of  the  T.T.  should  be  removed  in  ihe 
case  of  slope  cultures  by  gently  heating  the  T.T.  Roll,  shake,  and  stab  cultures  may  also 
be  examined  microscopically.  In  the  case  of  the  stab  culture,  if  the  gnmth  is  to  be 
examined  microscopically,  the  stab  should  be  made  near  the  woll  of  the  T.T. 

C413   SEALING. 

C4-131  BLOWPIPE'.  -(1)  Heat  the  rim  of  the  T.T.  in  the  blow- 
pipe flame  and  fix  to  it  a  handle  of  glass  tubing.  (2)  Heat  the  T.T. 
gradually  in  the  blowpipe  flame  beneath  the  rim  without  exerting  any 
pull  on  it.  (3)  Produce  thickening  of  glass  at  this  point  and  narrowing 
of  calibre.  (4)  Seal  with  a  thickened  gla-ss  top.  (5)  Score  the  glass,  to 
unseal,  with  a  file  or  glass  knife  near  the  top.  (6)  Apply  to  the  score 
a  point  of  white  hot  glass  to  start  a  crack.  (7)  Ixjad  the  crack  circularly 
round  the  tube.     (8)  Give  the  top  of  the  T.T.  a  smart  tap  and  cause 
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it  to  fall  into  antiseptic  sol.  (9)  Subculture  by  sowing  heavily'  from 
the  growth  into  fresh  medium. 

Notes — 'The  best  iiietliod  tor  certainty  "f  preservation.  =To  inorease  the  chances 
of   obtaining  growth. 

C4"132  PARAFFIN.— (1)  Use  sterile'  melted  paraffiti.  (2)  Insert 
the  wool  plug  of  the  cultm-e  whole^  into  the  melted  paraffin.  (3)  Insert 
the  paraffin  saturated  wool  into  the  T.T.,  held  inverted^  during  the 
process.  (4)  Pu.sh  well  into  the  T .T.  (5)  Fill  in  the  space  between  plug 
and  rim  with  melted  paraffin  and  allow  it  to  set.  (6)  Hold  the  T.T. 
inverted  toimseal,  and  melt  the  paraffui  in  a  free  flame.  (7)  Pull  out 
the  plug  with  forceps,  or  lever  it  out  with  a  knife.  (8)  Subculture 
by  sowing  heavily  into  fresh  medium. 

I^OteS  — 'Sterilized  by  taking  up  to  a  high  temperature  and  then  allowing  to  cool 
down  somewhat.  -If  the  whole  plug  be  covered  with  paraffin,  there  is  less  opportunity 
for  mould  spores  to  germinate  and  grow  out  of  the  wool  plug,  and  thus  less  likelihood  of 
contamination  of  culture.  'To  avoid  having  melted  paraiKn  run  down  oti  to  the  culture. 

C4*133  VASELIN. — (1)  Use  sterile  melted  vaselin.  (2)  Proceed 
as  for  paraffiji. 

C4*134  SEALING  WAX.— (1)  Cover  the  bottom'  of  the  wool 
plvig  with  melted  sealing  wax.  (2)  In.sert  the  wool  plug  well  into  the 
T.T.  (3)  Cover  the  top  of  the  wool  with  wax.  (4)  Unseal  in  the  manner 
described  for  parafiiit. 

Notes. — 'For  the  same  reason  as  given  under  paraJfin  for  immersing  the  whole  plug. 

C4*135  RUBBER  CAP.— (1)  Remove  the  wool  plug.  (2)  Apply 
a  sterile  rubber  cap  over  the  mouth  of  the  T.T. 

C4-136  STOPPERED  JAR.— (1)  Use  a  glass  stoppered  jar. 
(2)  Wash  out  the  jar  with  saturated  mercmy  bichloride.  (3)  Place 
2  or  3  folds  of  filter  paper  moistened  with  mercury  bichloride  sol.  at  the 
bottom  of  the  jar.  (4)  Place  a  thin  layer  of  vaselin  on  the  stopper. 
(5)  Place  the  cultiu-es  in  the  jar.     (6)  Close  the  jar  with  the  stopper. 

C414  PRESERVATION   CULTURES. 

C4'141. — (1)  Keep  the  culture  tubes  after  incubation  in  the 
inverted  position  to  prevent  the  access  of  moulds  and  to  prevent  rapid 
drying.  (2)  Flame  the  wool  plugs  once  weekly  even  although  sub- 
culture is  not  made.     (3)  Subcultiu-e  every  2  wk.' 

|l|0(eS, "Delicate    and  especially  hjemophilio  bacteria  will   require    subculture  at 

intervals  of  not  more  than  5d.  Such  organisms  also— gonococcus,  meningococcus, 
pneumococcus,  B.  influenzae,  etc.— require  to  be  preserved  continuously  at  incubation 
temperature.  Even  for  purposes  of  subculture  and  examination  they  should  not  be 
kept  for  long  outside  the  incubator. 


ir.  F.  Harvey.  (it)7 

C4*142.— (1)  Seal  the  culture  tube  completely  either  by  closing 
the  tul)e  ill  the  blowpijH;  Haiue',  by  applying  a  sterilized  rubber  test  tube 
cap,-  or  by  dipping  the  wool  plug  into  melted  sterile  vaseiin  or  parafiiji. 
(2)  Ojien  when  required  for  subculture. 

Notts. — 'This  is  the  best  method  for  inaxiinuin  permanency.  Many  organi8ni> 
will  remain  alive  under  such  conditions  for  years.  Others  will  require  sulKulture  at 
intervals  of  1  month  or  longer.  Certain  delicate  organisms  require  to  be  maintained 
continuously  in  the  incubator.  -It  is  advisable  to  complete  the  sealing  by  dipping  the 
cap  into  melted  |)araflin  after  appliejtion. 

C4'143. — (1)  Sow  as  stab  or  surface  culture  in  suitable'  medium. 
(2)  Seal.     (3)  Keep,  if  necessary,  continuou.sly^  at  37C. 

MotM.— 'Such  media  are  glucose  agar,  egg  medium  (M2'8,  M4'872).  blood 
gelatin  medinm.  serum  medium  (M2'36,  M2'61).  ascitic  llnid  agar,  etc.,  for  the 
more  delicate  rerobic  organisms.  Anierobic  organisms  are  well  |)reserved  in  alkaline 
me«t  medium  (M3'51).  -For  delicate  hemophilic  organisms  which  die  (|uickly  when 
kept  at  R.T.,  e.  g„  gonococcus.  meningococcus,  pncumococcus,  and   15.  influenza*. 

C4'144.— (1)  Use  T.T.  filled  3-4ths  full  with  freshly  boiled 
medium.    (2)  Sow^  by  stab    (C4-117).    (3)  Incubate. 

NoiM. — 'For  anierobic  culture  and  preservation  of  anierobic  organisms  add  a 
layer  of  sterile  oil  3  cm.  deep  after  sowing. 

C4'145. — (1)  Preserve  in  serum  heated  30min.  at  GOC  and  pro- 
tected from  oxidation  by  a  layer  of  paraffin  oil.  (2)  Keep  continuou.sly' 
at  37C. 

NotM. — 'For  delicate  hsmopbilio  organisms. 

C4'146.'— (1)  Plug  the  culture  T.T.  with  anti.septic  wool. 
(2)  Use  an  ordinary  cork.  (3)  Bore  a  hole  through  a  cork  of  about  2  mm. 
diameter.  (4)  Dip  the  cork  in  hot  liquefied  paraffin  at  high  temperature 
to  sterilize  it  and  to  coat  it.  (.5)  Pu.sh  the  wool  plug  down  the  T.T.  and 
insert  the  cork.  (6)  Incubate  the  cidture  T.T.  thus  prepared  in  the 
inverted-  position. 

NolM. — 'A  method  which  is  useful  in  the  incubation  of  such  organisms  as  B.  tuber- 
culosia  which  require  a  long  time  before  growth  appeors.  The  small  hole  admits  a  certain 
amt.  of  necessary  air.  'Moist  air  rises  and  will  collect  at  the  top  of  the  T.T.  Drying  of 
the  medium   is  thus  delayed. 

C4'147. — (1)  Saturate  sterile  silk  threads  in  the  material  containinc 
the  organisms.  (2)  Place  the  threads  in  small  sterile  T.T.  (3)  Dry 
in  vacuo  over  calc.  chloride.  (4)  Keep  in  the  desiccator  and  in  a  cool 
dark  plac.-.     (5)  Sow  thi-  threads  in  nutrient  media  when  required. 

C4-148  UNUSED  MEDIA.— (1)  Keep  in  aclo.-^ed  receptacle  to 
prevent  evaporation.  (2)  Keep  wool  or  blotting  paper  saturated 
with  oil  of  cloves  in  the  bottom  of  the  receptacle  to  prevent  the  growth 
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of    moulds.      (3)     Add    water    to    dried    up    media    and   resterilize. 

(4)  Resterilize  media  showing  only  a  slight  growth  of  mould. 

C4-149'  PERMANENT  PREPARATIONS.— (1)  Kill  and  fix 
the  growth  by  exposure  to  formalin  vapour  24  hr.  (2)  Seal  the  plates, 
upper  and  lower  portions,  with  melted  paraffin. 

Notes. — 'For  dcmnnstration  purpnsos.     A])|)licablc  also  to  T.T.  cultures. 

C415  ISOLATION    OF  ORGANISMS. 

Notes. — 'To   obtain   pure   cultures. 

C4'151  DILUTION. — (1)  Liquefy  the  contents  of  3  solid  medium 
T.T.  (2)  Sow  No.  1  T.T.  when  sufficiently  cool  with  a  small  quantity  of 
test  material.  (3)  Rotate  the  T.T.  between  the  palms  of  the  hand  to 
mix.     (4)  Transfer  2  loopf uls  from  No.  1  T.T.    mixture  to  No.   2  T.T. 

(5)  Rotate  to  mix.  (6)  Transfer  2  loopfuls  from  No.  2  T.T.  mixture 
to  No.  3  T.T.  (7)  Rotate  to  mix.  (8)  Prepare  plates  (C4*116) 
from  all  3  T.T.  (9)  Incubate.  (10)  Examine  discrete  colonies  and 
select  those  suitable  for  subculture. 

C4'152  DILUTION.— (1)  Set  up  a  series  of  T.T.  containing  9*5  c.c. 
sterile  water,  salt  solution,  or  bouillon.  (2)  Add  to  No.  1  T.T.  vnth  a 
sterile  1  c.c.  pipette  0-5  c.c'  test  suspension.  (3)  Shake  to  mix.  (4) 
Sterilize  the  pipette  by  aspirating  into  it  and  ejecting  boiling  water.  (5) 
Transfer  0-5  c.c.  mixtiu-e  from  No.  1  T.T.  mixture  to  No.  2  T.T.  (6) 
Shake  to  mix.  (7)  TransferO-Sc.c.fromNo.  2T.T.  mixtmetoNo.  3T.T. 
and  so  on.  (8)  Transfer  0-5  c.c.  from  each  T.T.  mixture  separately  or 
at  least  from  those  which  are  likely  to  give  a  satisfactory  growth  of 
discrete  colonies  to  T.T.  of  melted  nutrient  medium.  (9)  Pour  plates. 
(10)  Incubate.  (11)  Enumerate  and  proceed  to  identify  the  colonies 
which  have  developed.  (12)  Calculate  the  number  of  li^ang  bacteria 
present  in  the  original  test  suspension. 

Notes. — 'The  first  dilution  is  thus  1  in  20.  A  capillary  pipette  may  be  used  for 
dilution,  using  volumes  instead  of  c.c.  The  degree  of  dilution  and  the  No.  of  dilutions 
may  be  varied  according  to  circumstances.  In  this  case  they  are  1-20,  1-400,  and 
1-8,000. 

C4-153  DILUTION.— (1)  Use  3  T.T.  of  1^  in.  diam.  and  containing 
I  in.  depth  of  melted  medium'.  (2)  Sow^  from  one  T.T.  to  the  other 
to  obtain  dilution  of  the  organisms  contained  in  the  test  suspension. 
(3)  Make  roU  cultures  (C4"119)  of  the  inoculated  media.  (4)  Incubate. 
(5)  Examine  the  colonies  which  have  developed. 

Notes. — ^Usually  nutrient  gelatin.  ^The  method  may  serve  for  enumeration  of 
organisms  if  a  definite  amt.  is  used  in  each  successive  sowing. 


TT.  F.  Harvey.  699 

C4-154  DILUTION.— (1)  Place  a  small  quantity  of  test  material 
on  the  sloi>od  medium  .surface'.  (2)  Smear  the  material  by  meana  of  a 
platinum  loop^  in  close  zig-zag  from  bolow  upwards.  (3)  Transfer 
material  adhering  to  the  loop  to  a  2nd  sloped  medium  surface.  (I) 
Sow  as  in  the  case  of  No.  1  T.T.  (5)  Carry  over  test  material  similarly^, 
without  sterilization  of  the  loop,  to  No.  3  slop.nl  medium  surface.  (0) 
Incubate  all  3  T.T. 

Notts. — 'A  similar  method  miy  bs  uaed  for  plate  surfaces.  'Or  platinum  needle. 
'Ill  this  way  1p.is  and  loss  of  the  test  material  is  carried  over  with  each  transference  and 
so  the  growth  of  discrete  colonies  assured, 

C4-155  DILUTION'.— (1)  Use  sterile  capillary  pipettes-  with 
slightly  upturned'  ends,  calibrated  to  100  cmra.*  capacity.  (2)  Make 
suitable  dilutions  1-100,  10,000,  etc.,  by  adding  100  cram,  from  the 
test  suspension  to  a  T.T.  containing  10  cc'^OSS  S.S.S.  or  sterile  bouillon" 
and  from  that  mixture  carrying  over  the  same  amt.  to  a  second  T.T. 
containing  10  c.c.'^  of  the  diluent,  and  similarly  to  a  3rd  T.T.  (3)  Shake 
to  mix  between  each  transference.  (4)  Take  up"  100  c.mm.  from  the 
1-100  dilution  of  the  test  suspension.  (5)  Distribute  this  quantity  on 
3  dry®  agar  T.T.  slopes,  rubbing  each  portion  as  deposited  well  over 
each  slope.  (6)  Rest  each  T.T.  without  its  wool  plug  on  glass  tubing  or 
other  support,  in  as  nearly  a  horizontal  a  position  as  possible.  (7)  Allow 
to  dry  in  this  position.  (8)  Sterilize  the  mouths  of  the  T.T.  and  the 
corresponding  wool  plugs.  (9)  Replace  the  wool  plugs  in  the  T.T. 
(10)  Incubate.  (11)  Proceed  in  similar  fashion  for  the  1-10,000  and 
other  dilutions.  (12)  Count  the  colonies  which  develop.  (13) 
Calculate^  from  the  number  of  colonies  the  number'  of  organisms 
contained  in  1  c.c.  of  the  test  suspension.  •*      « 

Notts. — 'For  en-imcration  of  organisms  in  suspension  by  colony  count.  See  also 
S7-341  aid  87-342.  Thirty  or  more  of  the^e  calibrated  pipettes  can  bo  made  in  an 
hour.  'Upturned  to  avoid  fcratcliing  thn  surface  of  the  agar  slop'».  'There  are  many 
other  wayj  of  makint;  the  neces-iary  dilntinn  of  the  test  suspension.  If  it  is  not 
conTcniont  to  work  with  capilLiry  pipettes,  dilutions  may  ba  mad»  in  10-fold  stops, 
by  transferring  1  o.c.  of  su«p-n»ion  from  each  of  n  succssion  of  T.T.  containing  9  o.o. 
bouillon  to  the  other.  'Bouillon  is  a  be'.ter  diluent  than  salt  sol.  Some  nrt-anisms 
die  rather  quickly  in  salt  sol.  "Th^^  am',  shoulrl,  strictly  spoiking.  be  9-0  c.e.  and  not 
10  c.c.  'If  fresh  ^t'rile  capjiary  pip'tte4  ar-  not  available,  one  and  the  same  pipette 
m«y  be  usefl  for  all  operations  by  sterilizins  at  each  separate  step  in  boiling  water. 
The  boiling  wat?r  is  simp'y  aspiratcl  and  ejected  several  tim»s  from  the  ppetto.  "It 
is  hichly  important  to  have  the  agir  slope  thoroughly  dry.  This  may  be  done  by 
placing  the  T.T.  in  the  incubitor  on  the  ereninc  previous  to  test  in  an  inverterl 
poaition.  Wat-^r  of  ondensation  is  taken  up  by  the  wool  plug.  Thus,  if  in  the  3  T.T. 
used,  on  which  to  pVnt  'Ut  100  c.mm.  of  one  of  th-  dilutions  there  develope/l  8,  VI, 
ond  10  colonien,  resp-ctirely.  making  a  total  of  30  colonies,  and  the  dilution  nsed 
J,    MK  5 
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was  110.000,  th.calculatiiiM  w.nl.l  h-  30x  lOx  10. 000  =  .'?. 000.000  organisms  perc.c. 
in  the  test  .suspension- 

C4156  DILUTION  TO  SINGLE  ORGANISM.— (1)  Prepare  :  - 
Indian  ink  I  ;  D-  W-  9-  ('l)  Sterilize.  (3)  Allow  to  stand  2  wk.  (1) 
Pipette  ofE  the  S.  N.  F.  for  use.  (5)  Place  4  large  separate  drops  of 
Indian  ink,  sterilely,  on  a  sterile  clean  slide  contained  in  a  Petri  dish. 
(0)  Mix  with  No.  1  drop  a  very  small  quantity  of  test  suspension.  (7) 
Transfer  a  small  loopful  of  the  mixture  to  No.  2  drop  and  mix.  (8) 
Transfer  a  small  loopful  of  the  2nd  mixture  to  No.  3  drop  and  similarly 
a  small  loopful  of  the  3rd  mixture'  to  No.  4  drop.  (9)  Use  a  sterilized 
fine  mapping  pen.  (10)  Make  a  series  of  dots  with  the  pen  on  a  well- 
dried  gelatin  plate,  first  from  the  4th  mixtivre  and  then  from  the  3rd 
mixture.  (11)  Leave  for  ,30  sec.  (12)  Cover  each  dot  with  a  sterile 
cover  glass.  (13)  Examine  each  dot  with  a  dry  lens-  and  high  eye  piece. 
(14)  Mark  on  the  iinder  surface  of  the  plate  those  dots  which  contain 
one  organism  only.  (1.5)  Incubate^  the  plates  to  obtain  development 
of  organisms  into  colonies.  (16)  Subculture  from  colonies  which  have 
developed  from  a  single  organism. 

Notes. — 'The  process  is  one  of  dilution  of  tlie  original  organismal  suspension  to  one 
showing  microscopically  discrete  and  ultimately  single  organisms.  -The  organisms 
appfiar  bright  against  the  dark  particles  of  Indian  ink.  ^If  growth  on  another  medium 
than  gelatin  is  desired  use  plates  of  tha'  medium  originally,  or  transfer  the  cover  glass  to 
the  desired  medium.     The  Indian  ink  and  the  organism  will  adhere  to  the  cover  glass. 

C4-157  DILUTION  TO  SINGLE  ORGANISM.— (1)  Use  a  sharp 
pointed  piece  of  match  wood.  (2)  Sterilize  by  immersion  in  formalin. 
(3)  Dry  just  before  use  with  sterile  wool.  (4)  Make  a  series  of  dilutions 
of  the  test  material.  (5)  Dip  the  point  of  wood  into  the  first  of  the 
dilutions.  (6)  Make  momentary  contact  between  the  point  thus  dipped 
and  the  centre  of  a  sterile  cover  glass.  (7)  Invert  the  cover  glass  over  a 
glass  cell  on  a  slide.  (8)  Examine  the  droplet  first  with  a  dry  lens  and 
then  with  an  oil  immersion  lens.  (9)  Examine  in  this  way  a  series  ot 
cover  glasses  prepared  from  each  of  the  dilutions  of  test  material  until  one 
is  foimd  which  apparently  contains  only  a  single  organism.  (10)  Kemove 
this  cover  glass' and  place  it,  droplet  tipwards,  in  a  sterile  Petri  dish. 
(11)  Deliver  a  small  drop  of  bouillon  on  to  the  droj)let  containing 
the  single  organism.  (12)  Pipette  up  bouillon  and  droplet  with  a 
sterile    pipette.     (13)    Sow  in  a  T.T.  of  bouillon.     (14)  Incubate. 

C4-158  DILUTION  TO  SINGLE  ORGANISM.— (1)  Prepare  a 
series  of  sterile  coverglasses  and  a  number  of  sterile  clean  slides.  (2) 
Pour  over  the  slides  vuuler  the  cover  of  a  Petri  dish  a  thin  layer  of  nutrient 
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agar.  (3)  Prepare  a  series  of  dilutions  of  test  nmterial.  (1)  Place  the 
miiuitest  possible  droplets  from  each  dilution  on  the  centre  of  a 
cover  glass.  (5)  Drop  the  cover  glass,  droplet  downwards,  on  to  an 
agar  slide.  (6)  E.xamine  the  droplets  first  with  a  dry  lens  and  then  with 
an  oil  ininuTsion  leus  to  find  one  which  contains  only  a  single  organism. 
(7)  Remove  the  immersion  oil.  (8)  Incubate  o  hr.  at  37C.  (9)  Examine 
the.  slides  at  intervals  during  this  incubation.  (10)  Make  certain 
by  this  examination  that  the  colony  which  is  seen  forming  ari.ses  from 
the  original  organism  and  that  no  other  colony,  which  would  indicate 
the  presence  of  more  than  one  organism,  is  formed.  (11)  Replace 
the  slide  in  the  incubator  for  1-t  hr.  (12)  Sow  from  the  colony  which 
has  formed. 

C4159  DILUTION  TO  SINGLE  ORGANISM— (1)  Use  a 
"  moist  "  box  on  the  mechanical  stage  of  the  microscope.  (2)  Line 
the  sides  of  the  moist  box  with  wet  filter  paper  and  have  abundance 
of  water  in  the  bottom  of  the  box.  (3)  Insure  a  moist  atmos])here 
also  by  placing  numerous  small  drops  of  sterile  bouillon  on  the 
under  surface  of  the  cover  aroimd  the  field  of  operation.  (4)  Use 
a  sterile  capillary  pipette  for  the  o[)eration,  the  capillary  end  of 
which  is  drawn  out  into  a  very  fine  tip  and  turned  up  at  right  angles. 
(o)Fill  the  pipett«  partly  with  the  bouillon  to  be  used.  (6)  Adjust 
the  pipette  in  its  special  holder'  horizontally  and  in  such  a  position 
that  the  tip  may  be  brought  into  focus  in  the  centre  of  the  field. 
(7)  Bring  the  cidture  drop  containing  the  test  material  into  the 
field  by  means  of  the  mechanical  stage.  (8)  Raise  the  pipette 
vertically  in  its  holder  until  its  tip  is  in  contact  with  the  test  material. 
(9)  Lower  the  pipette  quickly.  (10)  Move  the  mechanical  stage  until 
a  portion  of  the  cover  remote  from  the  test  material  is  brought 
into  view.  (11)  Raise  the  pipette  at  this  .spot.  (12)  Blow  very  gently 
through  the  rubber  tubing  attached  to  the  pipette  and  so  eject  a  portion 
of  the  contents  containing  the  bacteria  on  the  under  surface  of  the  cover. 
(13)  Use  a  new  pipette.  (14)  Proceed  to  make  dilutions  of  the  ejected 
portion  on  the  under  surface  of  the  cover  glass  until  it  becomes  pos.sible 
to  withdraw  a  single  organism  in  the  pipette.  (15)  Detach  the  pipette 
containing  the  single  organism.  (10)  Blow  out  the  organism  on  to  an 
agar  plate.     (17)  Incubate. 

NotM. — 'In  the  absonco  of  a  npecial  holder  a  digsncting  niieroswipo  with  rack  and 
pininn  movement  can  be  converted  into  a  holder  for  these  pipettes  or  the  Ixxly  tiil)e  of  a 
■>econ<l  microuoope  may  serve  the  Hame  piirpose.  The  pipeltex  miiy  even  !<••  manipulated 
by   hand. 
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C4-16  ISOLATION  OF  ORGANISMS. 

C4-161  SELECTIVE  MEDIA'. -(1)  Sow  on  a  selective  medium^ 
of  suitable  reaction'.  (2)  Incubate.  (S)  Transfer  after  a  suitable* 
interval'  to  fresh  selective  medium.  (4)  Continue  the  procedure  as 
many  times  as  are  necessary.  (5)  Examine  the  fijial  culture  for 
purity''. 

Notes. — Ut  2  organisms  aio  placed  under  conditions  which  allow  tho  growth  of 
both  but  are  ever  so  little  more  favourable  to  the  one  than  the  other,  the  favoured  one 
will  not  only  outgrow  the  other,  but  will  even  prevent  its  development.  '^Such  as  peptone 
water  for  V.  choleraa,  bile  or  bile  salt  media  for  typhoid  group  organisms,  concentrated 
sugar  media  for  Tinea  and  Trichophyton,  acid  media  for  Monilia,  etc.  ^E.g.,  p  H  7-2  to 
7-4  for  B.  irifluenzsa.  *  E.g.,  every  6  hr.  V.  choler.'o.  ^Contaminating  organisms,  for  which 
the  conditions  are  less  favourable,  are  eliminated  after  a~sufficient  number  of  transfers. 
A  combination  of  various  selective  methods  is  very  effective. 

C4-162  SELECTIVE  MEDIAE— (1)  Grow  the  expected  conta- 
minating organism  on  the  medium  first.  (2)  Remove  this  growth  from 
the  surface  (.3)  Sow  the  exhausted  medium^  with  the  mixture^  of 
organisms. 

Notes. — 'Methods  of  exhaustion  of  the  medium  for  contaminating  organisms. 
-Tile  medium  may  be  resterilized  and  refreshed  with  added  peptone  before  sowing.  The 
undesirable   contaminant   will    he   inhibited. 

C4-163  SELECTIVE  INCUBATION.— (1)  Incubate  at  the  tem- 
perature 42C,  37C,  23C,  16C,  etc.,  optimum  for  the  organism  to  be 
isolated. 

C4-164  SELECTIVE  REMOVAL  BY  HEATi.— (1)  Immerse  a 
T.T.  containing  the  test  materiaP  for  a  suitable  length  of  time"*  and  at  a 
suitable  temperature^  in  a  water  bath  to  kill  of!  vegetative  forms.  (2) 
Sow  from  the  heated  material  to  obtain  discrete  colonies. 

Notes. — 'Especially  for  isolation  of  spore  bearing  organisms.  ^E.g.,  anthrax  blood, 
hay  infusion,  infusion  of  potato  which  has  been  incubated  for  3d.,  etc.  ^5  min.  at  53C 
for  B.  anthracis,  .5  min.  at  lOOG  for  B.  suhtilis,  5  min.  at  10.50  for  the  potato  bacillus  (B. 
vnlgatus),  etc. 

C4-165  SELECTIVE  REMOVAL  BY  FILTRATION'.— (1)  FUter 
the  test  material  through  a  Berkefeld  or  Chamberland  type  of  candle. 

(2)  Use  the  filtrate  to  obtain  cultures  or  to  inoculate  animals. 

Notes. — -'Applicabb  especially  ti  filtrable  viruses. 

C4166  SELECTIVE  REMOVAL    BY    ANTIFORMIN^.— (1)   Cut 

up  the  tissue  material  into  small  pieces  with  scissors.'    (2)  Rub  up  very 
thoroughly  in  a  mortar  with  a  small  amt.  of  dry  sterile  quartz  sand. 

(3)  Wash  the  contents  of  the  mortar  into  a  wide  T.T.  with  15  to  20  c.c. 
0'85  S.S.S.    (4)  Allow  the  sand  to  sediment  for  a  few  min.     (5)  Pipette 
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off  the  su[)criiatant  suspension.  (G)  Mix  thoroughly  with  an  equal  vol. 
of  15  i)er  cent,  autiforuiiji.  (7)  Stir  continuously  5  min.  (S)  LVjitri- 
fugalize  at  liigh  speed.  (9)  Discard  the  S.N.F.  (10)  Shake  up  the 
sediment  with  065  S.S.S.  (11)  Centrifugalize.  (12)  Repeat  the  pro- 
cedure of  shaking  up  andcentrifugalizing  3  times  in  all.  (13)  Use  the 
sediment  from  the  final  ceutrifugalizatiou  for  making  ciJtures,  or  after 
suspension  iji  0*85  S.S.S.  for  inoculation  of  G.  P. 

Utottt.— 'Applicable  csiKcially  to  tuberculuiu  inaU-iial.  Sto  alsu  C4-4St.  The 
sutifonuiu  acts  uiKin  the  other  coutauiiiiating  bacteria  before  it  acts  upon  tho  tubcrclo 
bacillus.  Other  substances  used  in  much  the  same  way  arc  sod.  hydroxide,  ammonia, 
peroxide  of  hydrogen  and  paucrealin.  Autiformiu  is  a  mixture  of  enual  partu  of 
liquor  sodui  chlorinate  (B-l*)  and  lo  per  cent.  sod.  hydroxid. 

C4167  SELECTIVE  REMOVAL  BY  ALCOHOL'.-(l)  Treat 
fragments  of  test  material  with  abs.  ale.  3  min.  (2)  Allow  the  fragments 
to  dry.  (3)  Sow  separate  fragments  into  a  number  of  glucose  bouilhm 
T.T.  and  on  maltose  agar  medium.  (4)  Grow  at  R.T.  (5)  Examine 
for  mycelial  growth-'.     (G)  Subculture  as  soon  as  growth  is  visible. 

NotM. — 'Applicable  especially  to  fungoid  affections  of  skin  and  hair.  -E.g.,  affected 
bairs  or  squamva.  'If  contaminating  growth  appears,  sterilize  the  medium  and  add  to 
it  a  little  more  glucose  or  maltose  and  a  fragment  of  calc.  carbonate.  Tho  mcKlium  will 
be  exhausted  (C4'162)  for  the  contaminating  organism  and  should  be  resown  with  test 
material. 

C4-168  SELECTIVE  REMOVAL  BY  KAOLIN.— (1)  ^^-^^^  a  »'"« 
BUsi)€n.>ion  of  test  material'  in  5  c.c.  0«J  S.S.S.  (2)  Add  0'35  grm. 
kaolin-.  (3)  Shake  1  min.  (4)  Allow  the  precipitate  to  settle.  (5) 
Shake  again.  (G)  Filter  through  sterile  filter  paper.  (7)  Sow  15  loops 
on  Conradi  Drigalski  medium  (M3"752,  M3'753)  or  Endo  agar 
(M3-412  to  M3-414). 

Notts. — 'The  method  in  applied  especially  to  the  isolation  of  B.  typhosus  in  liooa. 
'Kaolin  aiJdcd  to  a  mixture  of  typhoid  and  colon  Ixicilli  absorbs  the  typhoid  bacilli  more 
strongly  than  the  latter. 

C4169  SELECTIVE  REMOVAL  BY   ANIMAL    INOCULATION. 

— (1)  Inoculate  test  luateiiHl'  liy  ^ubciitaiieou.s,  imi.i])<i  il'uicai,  di  (itlier 
suitable  route  into  a  suitable  animal-.  (2)  Kill  the  animal  after  a  suitable 
interval  and  examine  the  blood  and  organs  for  the  organism  required. 
(3)  Sow  media  with  suitable  material^  taken  at  a  distance  from  the  site 
of  inoculation. 

Nottt. — '.Such  as  bio<xl  stained  sputum  fur  pncumococcus,  mucopurulent  sputum 
for  B.  tulx-rculosis,  blood  or  spleen  tissue  for  B.  anthracia,  gangrenous  muscle  tisauc  in 
gas  gangrene,  garden  s<jil  for  sjiorc  bearing  anairolx'S,  etc.  'Kabbit  or  nionsc  or  young 
0.  P.  for  pneumococcus,  with  isolation  from  heart  blood  or  internal  organs  ;  O.  P.  for  B 
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tuberculosis  with  isolation  from  glands  or  internal  organs  ;  G.  P.  for  B.  mallei  with 
isoUtion  from  glands  or  testicle  ;  G.  P.  for  J3.  anthracis  with  isolation  from  heart  blood, 
or  internal    organs,    etc. 

C417  OBSERVATION  OF  GROWTH. 

C4'171  HANGING  DROP.— (1)  ^^^^^  ^  ^'^'^P  °^  sterile  bouillon  on 
a  sterile  cover  slip.  (2)  Add  a  small'  quantity  of  tlie  test  organism  to 
the  bouillon^.  (3)  Place  the  coverslip,  bouillon  downwards,  over  the 
depression  of  a  sterile  hollow  slide.  (4)  Lute  the  edge  of  the  coverslip 
with  vaselin.  (5)  Incubate.  (6)  Examine  at  intervals  on  a  warm  stage 
under  the  microscope. 

Notes. — 'In  the  foim  of  dilution  of  bouillon  culture  or  suspension  made  in  bouillon. 
^The  same  procedure  may  be  followed  by  using  melted  gelatin  or  agar,  sowing,  and  allow- 
ing to  set. 

C418  REGENERATION'  OF  CULTURES. 

Notes. — 'When  old  or   moribund. 

C4*181. — (1)  Sow  heavily'  from  the  culture  into  bouillon  as  well  as 
on  agar  or  other  solid  medium.     (2)  Incubate. 

Notes.— 'To   start    giowth. 

C4*182. — (1)  Add  bouillon  to  the  cultiu-e  itself  if  growth  has  not 
been  started  by  the  usual  methods  of  subcultirre.     (2)  Incubate. 

C4*183. — (1)  Sow  heavily  on  pancreatin'  agar  (M2*74).  (2) 
Incubate. 

Notes — 'The  pancreatin  or  tryjjsin,esi)ecially  if  it  be  added  to  nutrient  agar  without 
any  inactivation   by   sterilization,   seems  to  favour  growth. 

C4-2  ANiEROBIC  CULTURE. 

Notes. — 'Culture  under  conditions  aiming  at  exclusion  of  the  oxygen  of  the  air. 
It  this  condition  is  satisfied,  the  mctliods  described  under  ierobic  culture  are  also  appli- 
cable to  anaarobic  culture. 

C4-21  DISPLACEMENT  OF  AIR. 
■  C4-211  BY  HYDROGEN'.— (1)  Set  up  a  hydrogen  generating 
apparatus^.  (2)  Connect  up  the  generator  with  wash  bottles'  containing 
in  succession  pot.  permanganate*  sol.,  alkaline  pyrogallic  acid",  and 
silver  nitrate  sol".  (3)  Sow  a  cidtiire  tube"  fitted  with  a  rubber 
cork  which  carries  2  pieces  of  glass  tubing*,  the  one  the  inlet  tube 
passijig  down  to  the  bottom  of  the  tube,  the  other  the  outlet  tube 
which  does  not  project  below  the  cork.  (4)  Connect  up  the  inlet  tube 
with  the  wash  bottle  system.  (5)  Seal  ofi  the  outlet  tube  when  the 
hydrogen  is  issuing  pure".  (6)  Apply  a  clip  to  the  rubber  tubing 
which  connects  the  culture  with    the  wash  bottle  system.    (7)  Cut 
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through  thi"  rubber  tubmg  between  clip  and  bottles.  (8)  Fill  in  the 
hollow  portion  of  the  rubber  tubing  down  to  the  clip  with  melted 
(larathn.     (U)  Incubate. 

Notts.— 'Other  gases  wliioli  may  bo  used  in  similar  faaliioii  arc  nitrogen,  carlxin 
dioMilo  and  cod  gas.  ^I'lie  hydrogen  is  gonciated  by  tlio  action  of  15  to  30  per  cent, 
sulphuric  acid  iiiwn  granulated  tmo.  A  Kipp's  generating  api>aratu8  may  bo  used  or 
ulhor  similar  app.iratus.  -"All  the- wiksh  bjttle  solutions  are  nut  absolutely  ncoi'ssary  and 
th.- pot.  pei'mang  mate  is  uft  u  omitted.  *To  remove  any  organic  matter.  'To  remove 
all  tracts  ol  o.xygcn  and  neutralizj  any  acid  oairicd  over  from  the  generator.  'To  romovo 
ars'.'mc.  The  methods  with  inlot  and  outlet  tubes  can  bo  appropriately  modified 
for  culture  of  a  numb.-r  of  tubes  in  a  receptacle,  ot  for  plate  culture.  In  such  a  case 
the  receptacles,  and  not  tho  tube,  can ies  the  inlet  and  outlet  tubes.  "Both  pieces  of 
tubing  are  b.>nt  at  right  angles  close  above  the  rubber  cork  and  tli5  outlet  tub.i  ends  in 
a  lino  luint  which  can  be  quickly  scaled.  "Thisshould  bo  tested  for  by  collecting  tho 
hydiogeu  in  a  T.T.  and  igniting.  If  there  is  an  explosion,  there  is  still  admi.xlure  of  air 
with  tho  hyd -ogon.  If  tho  sealing  of  the  outlet  tuba  is  attempted  before  the  hydiogon  has 
displaced  all  the  air,  an  explosion  will  take  place. 

C4-212'  BY  EXHAUSTION.Hl)  Sow  T.T.  containing  fluid  or 
melted  medium.  (-)  llcat  the  T.T.  above  the  level  of  the  fluid  and 
draw  the  T.T.  out  in  the  blow  pipe  flame  to  form  a  thin 
neck.  (3)  Replace  the  wool  plug  with  a  rubber  cork  through  which 
passes  a  glass  tube.  (4)  Connect  the  glass  tube  to  aji  e.xhaust  pump 
with  pressure  tubing.  (5)  Lute  the  points  of  contact  of  the  cork  with 
T.T.  and  gla.ss  tubing  with  melted  jjarafiSn.  (6)  Exhaust  of  air.  (7) 
Keep  the  T.T.  m  a  water  bath  at  42C  to  cau.se  boiling  of  the  medium 
under  the  reduced  pressure-.  (8)  Seal  tho  tube  at  the  constrictioji. 
(9)  Incubate.     (10)  Examine    and    identify  growth. 

NotM. — 'The  method  is  often  combined  with  one  in  which  tho  air  is  washed  out  of 
the  cu'iliifc  tub:;  by  mi'ans  of  an  indifferent  gas  such  as  hydrogen.  -To  drive  out  dissolved 
air  ftom  the   medium. 

C4-213  BY  EXHAUSTION.— (I)  Connect  up  a  2-way  glass  tap 
with  a  V  or  T  tube.  (2)  Connect  up  one  rcmaijiiiig  limb  of  the  Y  or  T 
tube  with  a  manometer  system  and  the  other  limb  with  the  cidture 
apparatus.  (3)  Conjiect  an  exhaust  pump  by  means  of  jjiessure  tubing 
to  one  of  the  remaining  limbs  of  the  2-way  tap,  ajid  the  laboratory  coal 
gas'  system  to  the  other  limb.  (4)  Set  the  exhaust  pump  gouig  and  open 
the  gas  tap.  (5)  Place  the  pump  in  commmiication  with  the  culture 
receptacle'  by  means  of  the  2-way  tap.  (0)  E.\hau.st  the  culture 
apparatus  of  air.  (7)  Place  the  exhausted  culture  receptacle  next  in 
communication  with  the  coal  gas  system  by  appropriately  turning  tho 
2-way  tap.  (8)  Kejjcat  the  process  of  alternately  exhausting  the 
culture  receptacle  and  filling  it  with  coal  gas  as  often  as  is  necessary  to 


706  Bacteriological  and  Lahoralorij  Technique. 

obtain  thorough  removal  of  air.     (9)  Exhaast  the  culture   receptacle 
linally  and  leave  it  in  a  vacuumized''  condition.     (10)  Incubate. 

Notes. — ''Oi'  bydrogeu  generator.  -Ihe  culliues  will  have  been  already  sowa. 
•'Thud  the  bacteria  are  not  grown  iu  an  atmosphere  ot  coal  gas.  The  coal  gas  is  used  to 
assist,  by  a  iJrocess  of  washing  out  the  air,  in  its  complete  removal.  If  the  exhaust  pump 
used  is  not  very  powerful,  it  is  necessary  to  increase  the  number  of  vacuumizations  which 
would  otherwise  be  sufficient.  The  comiJleteness  and  the  maintenance  of  the  vacuum 
may  be  controlled  by  using  in  the  culture  receptacle  along  with  the  sown  cultures 
a  T.T.  of  unsown  medium  to  which  has  been  added  a  few  drotJs  of  02  jJer  cent.  sod. 
sulijhiudigotate,  1  per  cent.  N-1  sod.  hydroxide  and  1  per  cent,  glucose.  The  blue 
colour  given  to  the  medium  will  be  decolourized  if  the  removal  of  air  is  sufficiently 
thorough.  With  a  long  incubation  it  will  be  necessary  further  to  test  the  main- 
tenance of  the  vacuum.  To  do  so  : — Connect  up  manometer  and  pump  again  with 
the  culture  receptacle.  Empty  allj  the  connections  of  air  and  note  the  position  of 
tho  manometer  needle.  Then  open  the  stopcock  of  the  culture  receptacle  and  judge 
from  the  movement  of  the  manometer  needle  whether  there  is  appreciable  change  in 
the  maintenance  of  the  vacuum. 

C4-214  BY  HEAT.— (1)  Use  freshly  boiled  and  rapidly  cooled 
iluid  medium'  ui  a  T.T.  (2)  Sow.  (3)  Heat  the  T.T.  strongly  in  the 
flame  above  the  sown  medium  to  expel  the  air.  (4)  Apply  a  sterile 
rubber  cap  quickly  before  the  T.T.  cools.  (5)  Apply  melted  parafiin 
to  the  cap' and  upper  part  of  the  T.T.  when  cool.     (6)  Incubate. 

Notes. — 'The  merlium  may  contain  deoxygenating  substances  such  as  glucose, 
1-2,000  sod.  formate,  1-200  sod.  sulphite,  etc.  ^The  degree  of  vacuum  obtained  can  be 
judged  by  the  extent  to  which  the  top  of  the  cap  is  sucked  in. 

C4-215  BY  BARRIER —(1)  FiH  a  sterile  T.T.  one  half  its  length 
with  sterile  glucose  gelatin  or  glucose  agar.  (2)  Boil  the  mediimi  3  min. 
to  expel  air.  (3)  Hold  the  tube  in  cold  rimning  water  to  cool  its  contents 
rapidly.  (4)  Place  in  a  water  bath  at  42C  before  the  contents  of  the  T.T. 
solidify.  (5)  Allow  the  T.T.  and  contents  to  attain  this  temperature. 
(6)  Sow  the  melted  medium  with  test  material.  (7)  Hold  the  sown  T.T. 
in  cold  rimning  water  to  cause  rapid  solidification.  (8)  Incubate.  (9) 
Break  the  T.T.  at  a  suitable  spot  to  obtain  access  to  colonies.  (10) 
Pick  out  the  selected  colony  from  the  medium.  (11)  Carry  out  further 
examination' . 

Notes. — 'The  microscopical  apiiearance  of  the  colonies  may  be  made  out  by  making 
transverse  sections  of  the  medium  and  examining  the  sections  under  a  low  power  micro- 
scope. 

C4-216  BY  BARRIER.— (1)  Add  0-25  grm.  agar  to  100  c.c. 
peptone  boixillon'.  (2)  Heat  15  min.  at  HOC  to  dissolve  the  agar.  (3) 
Filter.  (4)  Distribute  in  T.T.  to  a  height  of  about  5  cm.  (5)  Steri- 
lize 15  min.  at  120C,     (6)  Sow  with  a  pipette  at  the  bottom  of  the  medium 
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ami  along  the  track,  or  m  several  directions  in  the  medium.     (7)  Ijicubato 
asrobically. 

Notes. — 'Tlio  >pccial  cbaractci  of  tlio  medium  is  timt  it  is  sruiiUuiil.  Ei(|j<r  gtlatiii 
or>garmay  bo  used.  B.  tctani,  V.  scptiquc,  etc.,  maybe  giuwn  in  this  medium.  All 
kinds  u(  sub&tauccs  may  be  added  tu  tlic  medium  to  iiiereaso  its  eultural  ]ir<iperties  or 
(oi  differential  pur])oses  £uch  as  glucusc,  lactose,  maltose,  maimite,  serum,  bluod,  biUi 
litmus,  etc.,  proNidcd  that  the  cuusisteucc  lemaius  semilluid. 

C4-217  BY  BARRIER.-  (1)  Pour  melted  vaselin  into  a  T.T.  of 
bouilloii  or  glimi>o  biiuilloii  to  form  a  layer  3--lth  in.  deep.  (2)  Boil 
bouillon  and  vaselin  30  min.  (3)  Allow  to  cool.  (1)  Store  for  use.  (5) 
Place  in  a  water  bath  at  55(j  at  time  of  use.  (ti)  Sow  by  means  of  a 
sterile  pipette.     (7)  Incubate.     (8)  Examine  and  identify  the  growth. 

C4-218  BY  BARRIER.— (1)  Sow  by  stab  culture  (C4-117).  (2) 
Ptiur'  a  layer  at  least  8  mm.  deep  of  oil,  paraffin,  vaselin,  or  simply  fresh 
melted  medium  on  top  of  the  first  mediimi. 

NotM. — 'If  tlic  sowing  has  been  done  in  a  me'tcd  medium,  this  medium  is  allowed 
to  set  Ixfore  the  sialiiiL:  layei'  i>  run  uii  to  the  toj)  of  it. 

C4-22  DEOXYGENATION. 

C4-221  BY  PYROGALLIC  ACID.--(l)  Place    the    cultures  in  a 

glass  receptacle    which  can   be  rapidly  made  air  tight',  along  with  the 

necessary'  amt.  of  alkali  and  pyrogallic  acid. 

Notes. — 'As  for  example  a  glasj  cover  making  contact  by  means  of  Ung.  resinn). 
•1  gim.  of  pyiogallic  acid  and  1(J  c.c.  20  Jiei  cent.  tod.  hydioxide,  or  10  c.c.  10  per  cent 
pyrogalhc  acid  and  2  ltiii-.-  so<I.  hydroxide  for  each  100  c.c.  of  air  space. 

04-222  BY  PYROGALLIC  ACID.— (1)  Sow  by  stab  (C4-117) 
freshly'  sterilized  glucose  agar-'.  (2)  Cover  the  upper  surface  of  the 
agar  with  st«rile  melted  vaselin.  (3)  Place  the  sown  T.T.  in  a  large 
receptacle^  which  is  furnished  with  a  rubber  cork  having  both  an  inlet 
and  outlet  tube*.  (\)  Distribute  pyrogallic  acid  in  the  bottom  of  the 
receptacle  so  as  to  present  a  large  absorbing  surface,  and  in  sufficient 
quantity^  for  the  air  contained.  (5)  Close  the  receptacle  with  its  rubber 
cork.  (G)  E.xhau.-,t  the  receptacle  of  air.  (7)  Clip  the  rubber  connection 
with  the  e.xhau.st  pump.  (8)  Disconnect  the  apparatus  from  the  pump. 
(9)  Use  the  vacuum  developed  to  draw  in  20  per  cent. '  sod.  hydroxide 
on  to  the  top  of  the  pyrogallic  acid.  (10)  Close  the  apparatus  completely 
to  the  entrance  of  air.  (11)  Lute  all  the  weak  spots  with  melted  parallin. 
(12)  Leave  at  K.T.'^  2  to  3  hr.  to  allow  of  absorption  of  oxygen.  (13) 
Incubate. 

Notes.— 'To  ensure  that  the  diasoWed  air  removed  by  boiling  or  steniiution  !•  col 
reAbsotbcd  before  use.     'Piuid  media  or  surface  slopes  may  be  uted.    'Tbo  principlu  in 
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tliat  used  in  a  special  bell  jar  apparatus  (Bulloch)  designed  for  the  purpose.  'These 
tubes  are  capable  of  closure  to  the  entrance  of  air,  and  one  tube  carries  right  to  the  bottom 
of  the  receptacle.  It  is  by  this  tub,^  the  sod.  hydroxide  Eol.  is  admitted.  ''I  grm.  for 
100  c.c.  of  air.  "lO  c.c.  for  each  grm.  of  pyrogallic  acid  used.  'To  aliow  oxygen  to  be 
absorbed  before  incubation  in  order  to  avoid  growth  of  a)robic  or  facultatively  anserobic 
organism-. 

C4-223  BY  PYROGALLIC  ACID— (1)  Use  a  strong  glass  T.T. 
6.  ill.  by  7-8th  in.  as  enclosing  T.T.  and  one  of  5  in.  X  T-lGth  in.  as  medium 
T.T.  (2)  Place  1  grm.  dry  pyrogallic  acid  powder  in  the  bottom  of  the 
enclosing  tube.  (3)  Boil  the  medium  to  be  used  in  its  T.T.  (4)  Cool 
rapidly.  (5)  Wrap  I  layers  of  thick  blotting  paper  4x3  in.,  with 
pyrogallic  acid  between  the  layers,  round  the  sown  medium  T.T.  (6) 
Insert  the  medium  T.T.  with  its  layers  of  blotting  paper  into  the  enclosing 
T.T.  (7)  Pour  10  c.c.  20  per  cent.  sod.  hydroxide  sol.  on  to  the  pyrogallic 
acid  in  the  outer  tube.  (8)  Close  quickly  with  a  rubber  cork.  (9)  Leave 
2^  hr.  before  incubation  to  allow  of  deoxygenation.     (10)  Incubate. 

C4-224  BY  PYROGALLIC  ACID— (1)  Cut  a  number  of  layers 
of  blotting  paper  to  the  size  of  the  internal  area  of  a  Petri  dish.  (2) 
Place  the  layers  of  blotting  paper  on  a  glass  plate.  (3)  Surromid  the 
blotting  paper  with  a  thick  ring  of  plasticine.  (4)  Soak  the  blotting 
paper  in  10  per  cent,  pyiogallic  acid'.  (5)  Pour  on  to  the  soaked  blotting 
paper  20  per  cent.  sod.  hydroxide.  (6)  Press  down  immediately  a 
sown  Petri  plate  on  the  plasticine  ring.  (7)  Lute  the  whole  well  with 
added  plasticine.  (8)  Allow  time  for  absorption  of  oxygen.  (9) 
Incubate. 

Notes. — 'Instead  of  soaked  blotting  jjapcr  crystals  of  pyrogallic  acid  may  be  used. 
Various  special  plates  have  been  designed  for  this  method  of  anaorobic  culture. 

C4-225  BY  PYROGALLIC  ACID— (1)  Sow  a  fluid  culture  in  a 
T.T.     (2)  Push  down  the  plug  of  wool,  which  should  be  non-absorbent. 

(3)  Superimpose  on  the  phig  of  wool  a  2nd  tight  plug  of  absorbent  wool. 

(4)  Pour  on  to  it  2  c.c.  20  per  cent,  pyrogallic  acid  followed  by  2  c.c. 
40  per  cent.  sod.  hydroxide.  (5)  Close  the  T.T.  with  a  well -fitting  rubber 
cork  or  with  a  rubber  cap'.     (6)  Incubate. 

Notes. — 'The  absorption  of  oxygen  will  be  shown  b3'  indentation  of  the  rubber  cap. 

C4-23  DEOXYGENATION. 

C4-231  BY  GLUCOSE.— (1)  Melt  the  agar  in  a  deep  2  per  cent, 
glucose  agar  T.T.  (2)  Add  approximately  1-lOth  of  its  vol.  of 
1  per  cent.  sod.  sidphindigotate'.  (3)  Keep  the  melted  medium 
5  min.  at  the  temperature  of  boiling  water.   (4)  Cool  rapidly  to   42C. 

(5)  Sow.     (6)  place    the  medium  in  the  T.T.  under    running  water 
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to  produce  rapid  setting.  (7)  Cover  the  upper  surface  of  the  ngnr 
with  sterile  melted  vaselin  or  with  melted  nutrient  agar.  (8)  Incubate. 
(9)  Wash  the  outside  of  the  T.T.  with  1-1,000  mercury  bichloride 
followed  by  abs.  ale.  (10)  Cut  across- the  T.T.  at  about  the  middle 
of  the  growth.  (11)  Detach  the  lower  portion  of  the  T.T. 
(12)  Cut  across  the  exposed  medium  at  the  desired  point  with  a  sterile 
knife.  (13)  Remove  the  growth  with  a  platuumi  needle  for  e.Kaniination 
and  subculture. 

Notts. — 'Other  reducing  agcnUi  which  may"t«i»c  the  place  of  ghicosc  iiml  soil.  Kulph- 
indgotatc  arc  O.'i  perc«>iit.  sod.  formate  or  Oo  per  cent.  soil,  .sulphite.  -Or  the  colonics 
may  1*  approached  from  alxjve  by  pushing  a  platinum  needle  or  capillary  tube  through 
the  sul»tancc  of  the  medium. 

C4-232  BY  HYDROGEN.— (1)  Ftll  the  special'  amerobic  jar  with 
the  culture  tubes.  (2)  Heat  the  palladium  asbestos  capsule-  in  a  Bimseii 
burner.  (3)  Fix  on  the  lid  as  quickly  as  possible,  {i)  Open  the  tap 
and  slip  on  a  piece  of  pressure  tubing  already  attached  to  the  hydrogen 
generator.  (5)  Turn  on  the  gas  and  leave  till  there  is  no  more  oxygen 
left  in  the  jar'.  (6)  Allow  the  apparatus  to  become  cold.  (7)  Shut  both 
taps.  (8)  Disconnect  from  the  hydrogen  generator.  (9)  Place  the  jar 
in  the  incubator. 

Nottt.— 'A  jar  havings  metal  tup  with  tap  and  tube  leading  into  it.  The  apparatus 
should  be  tested  for  tightnes.s.  This  is  best  done  by  placing  inside  a  few  drops  of  ether 
and  then  tiring  the  lid.  If  the'jar  is  then  plunged  under  hot  water,  a  leak  will  be  detected 
immediately.  'Asbestos  wool  covered  with  [lalladium  black  contained  in  copper  gauze 
and  attached  to  the  lid.  'The  filling  of  the  jar  takes  1.5  min.  during  which  lime  it  requites 
no  attention. 

C4-233  BY  HYDROGEN.  -(1)  Fix  a  small  piece  of  platinized 
asbestos  at  the  end  of  ;i  platinum  wire.  (2)  Liscrt  the  other  end 
of  the  wire  into  a  short  glass  rod.  (3)  Insert  the  glass  rod  into  a 
one-hole  rubber  cork.  (4)  Wrap  up  the  whole  arrangement  and 
sterilize.  (5)  Remove  water  of  condensation  from  an  agar  slope. 
(6)  Sow.  (7)  Invert  the  tube  and  fill  it  by  means  of  a  sterile  capillary 
pipette  with  hydrogen  gas  which  has  been  passed  in  succession  through 
10  per  cent,  silver  nitrate',  sulphuric  acid^,  pot.  permanganate',  and 
10  per  cent,  lead  acetate*  sol.  (8)  Heat  the  platinized  asbestos  for  a 
moment  in  a  free  flame.  (9)  Insert  the  rubber  cork  with  platinized 
asbestos  firmly  into  the  inverted  tube.  (10)  Dip  the  end  of  the  tube 
into  melted  paraffin.     (11)  Incubate. 

NotM> — 'To  remove  arteniurctted  hydrogen  if  the  zinc  uxcd  in  the  generator  in  nut 
pure.  To  remove  water.  To  osidizo  organic  matter.  *To  remove  lulpburettcd 
hydrogen. 
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C4-24  NIDUS'  FORMATION. 

Notes.— 'luvolviug  the  use  of  sturile  fragments  of  tissue,  such  as  brain,  muscle, 
kidney,  sjjleen,  lymphatic  gland,  liver,  boiled  egg,  etc.  The  tissue  may  bo  actually 
infected  material  and  be  used  for  sowing  the  medium,  e.g.,  gangrenous  muscle.  Frag- 
ments of  vegetables,  such  as  i)otato,  also  scivc  the  purpose,  as  also  cancellous  substances, 
platinized  carbon,  spongy  platinum,  etc.  Probably  dependent  to  some  extent  on  deoxy- 
genatiou. 

C4'24il.— (1)  Add  with  sterile  precautions  a  sterile  fragment  of 
tissue  to  bouillon  wliicli  has  been  freshly  boiled.  (2)  Test  sterility  by 
incubating  48  hr.  (3)  Sow  heavily',  (i)  Place  in  the  incubator  without 
shaking  the  T.T. 

Notes. — 'A  layer  of  sterile  melted  vasehn  may  be  placed  on  the  surface  of  the 
medium. 

C4-25  INDICATORS  OF  ANiEROBIOSIS. 

C4-251.— (1)  Use  for  fluid  media  a  T.T.,  along  with  the  sown  T.T., 
containing  2  per  cent,  glucose  bouillon  with  N-500  sod.  hydroxide 
and  1-100,000  methylene  blue.' 

Notes. — 'If  anairobiosis  is  good  and  well  maintained,  the  methylene  blue  is  de- 
colourized in  36  hr. 

C4"252. — (1)  Use  for  solid  media  a  T.T.  containing  2  per  cent, 
nutrient  agar  with  N-lOO  sod.  hydroxide  and  1-100,000  methylene 
blue. 

C4-3  PARTIAL  ANAEROBIC  CULTURE. 

Notes. — 'Equally  well  described  as  Partial  .Erobic  Culture.  Syn.  culture  under 
reduced  oxygen  tension. 

C4'31.— (1)  Sow  the  culture  T.T.  (2)  Place  in  a  10-litre  jar  in 
which  carbonic  dioxide  is  being  generated  by  the  interaction  of  5  grm.  sod. 
carbonate  and  40  c.c.  1-8  sidphuric  acid.  (3)  Allow  the  reaction  to 
subside  somewhat.  (4)  Seal  the  jar  hermetically.  (5)  Incubate  jar  and 
contents. 

Notes. — 'About  10  per  cent,  of  the  air  is  replaced  by  carbon  dioxide. 

C4*32. — (1)  Sow  the  culture  T.T.  (2)  Connect  up  by  means  of 
rubber  corks  and  rubber  tubing  to  a  culture  T.T.  freshly  sown  with  B. 
subtilis'. 

Notes. — 'B.  megatherium  or  B.  eoli  may  be  used.  The  tubos  of  B.  subtilis  should 
be  changed  daily,  if  the  incubation  is  long. 

C4*33. — (1)  Invert  a  sown  Petri  dish  over  another  smaller  Petri  dish 

freshly  sown  with  B.  subtilis  and  resting  on  a  glass  plate.     (2)  Seal  the 

inverted  Petri  dish  to  the  glass  plate  hermetically  with  plasticine.     (3) 

Incubate. 
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C4"34. — (1)  Sow  heavily  a  suitable  medium.  (2)  Insert  a  sterile 
rubber  stopper  in  place  of  the  wool  plug  immediately  after  sowing.  (3) 
Seal    the  T.T.    hermetically.     (4)  Incubate. 

C4-4  EXAMINATION  OF  MATERIAL'. 

NOt«l.— 'The  mcth.<ls  hoto  civcn  arc  of  tho  nature  of  fj-nmp(*<  of  culture  mctlKMls. 
The  full  <\etail  of  the  examination  of  particular  matfiial  will  be  piveii  under  the  lieailing 
of  the  material  itself  or  under  the  heading  of  particular  organisms  and  groups  of 
organism!).         , 

C4-41.— BLOOD. 

C4'411. — (1)  Let  the  patient  lie  on  his  back  near  the  edge  of 
the  bed.  (2)  Cleanse  the  skin  in  front  of  the  elbow  joint  thoroughly 
with  soap  and  water.  (3)  Rub  the  skin  with  gauze  or  cotton  wool 
soaked  in  ether,  or  ale.,  or  acetone.  (4)  Cover  with  another  piece  of 
gauze  or  lint  soaked  in  the  same  solution.  (.'5)  Allow  the  arm  to 
hang  out  of  the  bed'.  (6)  Tie  a  bandage  or  piece  of  rubber  tubing 
round  the  arm  well  above  the  elbow  so  as  to  cause  the  veins  to  stand  out 
prominently.  (7)  Boil  a  10  c.c.  syringe  in  05  per  cent,  sterile  sod. 
citrate.  (8)  Take  up  into  the  syringe  0-5  c.c.  05  per  cent,  sterile  sod. 
citrate.  (9)  Remove  the  gauze  from  the  front  of  the  elbow.  (10)  Pour 
a  little  alcohol  or  ether  over  the  skin.  (11)  Make  the  puncture  as  the 
liquid  is  evaporating.  (12)  Pierce  the  vein  in  a  direction  ne.irly  parallel 
to  the  surface  of  the  skin.  (13)  Fill  the  syringe  slowly  with  blood  and 
withdraw  it  quickly.  (14)  Place  the  thumb  on  the  puncture  and  raise 
the  arm.  (1.5)  Release  the  bandage.  (16)  Sow  01,  0-2, 0-5,  075,  1  and 
2  c.c-  of  blood  respectively  in  each  of  6  bouillon  T.T.  (17)  Shake  to 
mix.  (18)  Incubate.  (19)  Examine  the  colourless  clot  above  the 
sedimented  erythrocytes  for  the  development  of  colonies.  (20)  Enu- 
merate colonies.    (21)  Isolate  and  idenffy  colon'es. 


': — 'Rapid  openin'4  and  closing  of  the  fist  will  help  to  make  the  vein  stand 
out.  'Or  sow  5  c.c.  of  the  aspirated  blood  in  .50  c.c.  O'.'i  per  cent,  glucose  bouillon,  and 
the  other  5  c.c.  in  10  c.c.  sterilized  ox  bile.  Both  of  these  cultures  are  then  ineul»tcd 
up  to  7  d.  and  examined  daily  for  fermentation,  the  production  of  gas  and  for  the 
presence  of  motile  organisms.  If  motile  organismn  are  found,  make  subcultures  on  to 
neutral  red  bile  salt  agar  and  identify  after  incul>ation  as  organisms  of  the  typhoid 
group.  The  paratyphoids  ferment  glucose  and  produce  gas.  B.  typhosus  produce*  no 
gas.  Make  subcultures  from  the  bilo  in  any  case  whether  motile  organisms  are  evident 
microscopically  or  not.  If  as  much  as  20  c.c.  bloofl  are  addol  to  1.5  c  e.  bile,  the  number  of 
positive  resulti  is  increased. 

C4*412'.— (1)  Sow  10  C.C.  aspirated  blood  in  large  T.T.  containing 
40  C.c.  each  of  Oo  per  cent,  glucose  bouillon.  (2)  Incubate  up  to  72  hr. 
if  necessary.     (3)  E.xamine.     (4)  Make  subcultures  daily  on  to  freshly 
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prepared  blood  agar  or  on  to  heated  blood  agar.     (5)  Incubate.     (6) 
Examine  and   identify. 

Notes. — 'The  method  is  applioahle  to  the  isolation  of  ptiemnoooccus,  streptococcus. 
B.  influenza),  etc. 

C4'413. — (1)  Add  1  vol.  sterile  trypsin^  sol.  to  20  vol.  bouillon. 
(2)  Add  1  c.c.  aspirated  blood  to  5c.c.  trypsinized  bouillon.  (3) 
Incubate.     (4)  Examine  and  identify  any  organism  which  develops. 

Notes. — 'The  trypsin  if  not  already  steiile  may  be  sterilized  by  tiltiation  thiough  a 
Berki'feld  or  tMiamberland  type  of  candle.  Instead  of  adding  the  blood  to  trypsinized 
bouillon  it  may  be  added  to  simple  trypsin  sol. — 4  vol.  blood  to  1  of  trypsin  sol.  Subcul- 
tures are  made  from  the  mixture  on  arrival  in  the  laboratory  or  it  is  first  incubated  as 
such. 

C4'414. — (1)  Add  10  c.c.  aspirated  blood  to  10  c.c.  ammon.  oxalate 
sol.'  (2)  Make  subcultures  from  the  mixture  on  arrival  in  the  labo- 
ratory. 

Notes. — 'Ammon.  oxalate  1  ;  sod.  chloride  .3  ;  D.  ^Y.  .500.  O.xalate  has  less  inhi- 
bitory effect  on  the  growth  of  organisms  than  citrate. 

C4'415. — (1)  Add  1  vol.  aspirated  blood  to  2  parts  melted  nutrient 
gelatin.  (2)  Allow  the  gelatin  to  set.  (3)  Despatch  to  a  laboratory. 
(4)  Place  in  incubator  on  arrival  at  37C.  (5)  Make  .subcidtures  on 
suitable  media. 

C4'416.— (1)  Draw  blood  into  a  T.T.  (2)  Allow  to  clot.  (3)  Separ- 
ate the  clot  from  the  glass.  (4)  Place  in  the  incubator  2  hr.  (5)  Pipette 
ofE  the  serum  for  agglutination  test.  (6)  Empty  the  broken  up  clot 
into  a  T.T.  of  sterile  ox  bile.  (7)  Incubate  at  least  48  hr.  (8)  Sow  in 
appropriate  media. 

C4-42  FyECES. 

C4-421  PROCURAL  AND  DESPATCH.— (1)  Send  a  small  quan- 
tity' of  loose-  stool  in  a  faeces  tube'  to  the  laboratory  for  examination 
as  soon  as  possible*  after  the  passage  of  the  stool. 

Notes. — 'One  cubic  centimetre  of  a  loose  motion  is  ample  for  all  bacteriological 
purposes.  'The  examination  of  a  constipated  motion  in  the  case  of  a  carrier  is  a  worthless 
procedure,  except  in  cases  of  chronic  amoebic  dysentery.  'A  small  wide  mouthed  bottle 
provided  with  a  cork.  Inserted  into  this  cork  is  a  small  spoon  of  white- metal  having  a 
bowl  large  enough  to  contain  1  grm.  or  a  little  more  of  faocal  matter.  •'Dysentery  bacilli 
are  not,  as  a  rule,  recoverable  after  6  to  8  hr.  and  other  organisms  likewite  are  not  easily 
recoverable  from  a  stool  which  has  been  passed  for  some  time. 

C4-422  PROCURAL  AND  DESPATCH,— (1)  Make  a  suspension 
of  the  f  feces  as  soon  as  possible  with  about  double  the  vol.  of  30  per  cent, 
glycerinated  0'6  per  cent.  sod.  chloride  sol.  (2)  Send  to  laboratory  for 
examination. 
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C4-423  PROCDRAL  AND  DESPATCH— (1)  Add  fine  steri- 
lized sand'  to  the  fivots  until  a  coiisisiiiKo  of  thick  paste  is  ohtnincd. 

(2)  Despatch  to  laboratory. 

HOl«I.— 'Or    liiicly    |i  .iiii'lo.l    i;l.i>-'. 

C4-424  PROCURAL  AND  DESPATCH.— (1)  Pass  a  stout  wire 
fumished-with  a  sterile  swab  alongside  the  guiding  finger  into  the  rectum 
as  high  as  possible.  (2)  Collect  material  from  the  wall  of  the  rectum  by 
means  of  a  rotary  movement  in  the  same  direction  as  the  swab  is  rolled. 

(3)  Withdraw  with  the  same  rotary  movement.  (1)  Place  the  swab 
in  a  sterile  T.T.  containing  a  few  drops  of  sterile  water  to  prevent  desic- 
cation. (5)  Send  to  laboratory  for  exauuiiation.  (0)  Make  cultures 
at  the  latest  within  4  hr. 

C4-43  Fi^CES. 

C4-431  TYPHOID  GROUP  ORGANISMS.  (1)  -Make  a 
suspension  of  3  loopfuls  of  faeces  in  a  T.T.  of  bouillon.  (2)  Leave  2 
hr.  at  R.T.  (3)  Sow  1  loopful  taken  from  the  surface  of  the 
fluid  on  a  3J  in.  plate  of  neutral  red  bile  salt  lactose  agar  (M3'316)  or 
Endo  medium  (M3*412  to  M3"414).  (4)  Sow  with  a  rectangular  glass 
rod.  (5)  Incubate  21  hr.  (tj)  Pick  off  colourless  colonies.  (7)  Sow 
in  a  tube  of  sugar-free'  bouillon  in  the  morning.  (8)  Sow  from  the 
sugar  free  bouillon  that  same  evening  into  gluco.se,  lactose,  didcite,  sac- 
charose and  mannite  sugar  media.  (9)  Incubate.  (10)  Read  the 
fermentation  results  on  the  following  morning.  (II)  Sow,  if  the  fer- 
mentations indicate  it,  on  to  agar  slopes.  (12)  Read  the  fermentation 
results  again  after  48  hr.  incubation.  (13)  Examine  the  organisms  from 
the  agar  slope  for  motility.  (14)  Test  the  sugar-free  bouillon  cultures 
after  72  hr.  incubation  for  indol.  (1.5)  Test  suspensions  in  0'85  S.S.S. 
from  agar  slopes  for  agglutinability  with  high  titre  sera. 

NotSt. — 'Bouillon    mi(Je  with  Bovril  instead  of  fresh  extiact. 

04-432  TYPHOID  GROUP  ORG ANISMS.—(1)  Use  T.T.  of  10  c.c. 
2  per  cent,  peptone  water  (M4'll)  fontaining  -1,  '2,  Zb,  '5  and  "Tec. 
1-10,000  brilliant  green'  with  or  without  the  addition  of  04  c.c.  1-1,0(X) 
telluric  acid  in  each  T.T.  (2)  Make  a  suspension  of  1  loopful  fa'ces  in 
0  c.c.  0'85  S.S.S.  (3)  Transfer  one  large  loopful  of  suspension  to  each 
T.T.  of  medium.     (4)  Incubate.     (5)  Examine  and  identify  growth. 

NotM. — 'The  typhoicl-paratyphoid  group. arc  more  roHisf^ant  l<i  tlic  action  ol  brillidnt 
grcon  th»n  the  common  membpra  of  the  coli  ^roup,  except  for  a  gronp  of  innalte  fiTment- 
en.  The  latt«r  however  are  very  lusceptiblo  to  the  action  of  telturiu  uuiJ.  '[hu  mediuui 
iji  not  mitable  to  the  isolation  of  dysentery  orgaiiisois. 
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C4-433  TYPHOID  GROUP  ORGANISMS.— (1)  Shake  up  a  piece 
of  faeces  about  the  size  of  a  pea  in  5  c.c.  bouillon.  (2)  Keep  2  hr.  at  370. 
(3)  Transfer  2  loopfuls  of  S.  N.  F.  to  a  T.T.  of  peptone  water  containing 
1-200,000  brilliant  green  and  1-25,000  telluric  acid.  (4)  Incubate  IS  hr. 
(5)  Sow  on  neutral  red  bile  salt  lactf'Se  agar  (M3'316). 

C4'434  DYSENTERY  ORGANISMS.— (1)  Use  freshly'  passed 
faeces.  (2)  Pick  up  a  loopful  from  a  portion  of  fa3ces  consisting  of  pus 
and  mucus.  (3)  Wash  well  in  0-85  S.S.S.  (4)  Remove  the  material 
immediately  with  a  platinum  loop,  allowing  excess  fluid  to  drain  away. 
(5)  Rub  the  material  thoroughly  on  the  siurface  of  a  bile  salt  lactose  agar 
plate  (M3'316).  (6)  Incubate  24  hr.  (7)  Pick  off  colourless  colonies 
and  sow  in  fermentation  tubes  of  litmus  lactose  peptone  water.  (8) 
Incubate  12  hr.  at  370.  (9)  Examine  and  identify  non-lactose 
fermenters. 

Notes. — 'If  the  specimen  cannot  b?  examined  fresh,  it  should  be  placed  in  the 
ice  chest. 

C4-435  V.  CHOLERyE.— (1)  Pick  out  2  or  3  epithelial  flakes.  (2) 
Wash  in  several  changes  of  0-85  S.S.S.  (3)  Sow  in  T.T.  of  alkaline 
peptone  water.  (4)  Incubate  overnight^  (.5)  Pick  up  a  portion  of 
bacterial  scum  with  a  platinum  loop.  (6)  Sow  on  the  sivrface  of  alkaline 
blood  agar  plates  (M2'225.)  (7)  Incubate  18  to  24  hr.  (8)  Examine 
and  identify  colonies. 

Notes. — 'Plates  should  be  sowu  from  the  psptone  water  surface  growth,  if  possible, 
at  6,  12  and  1?  hr.  after  incubation.  If  the  scum  shows  many  contaminating  bacteria,  a 
fresh  peptone  water  T-T.  should  be  sown  from  the  first  before  proceeding  to  plate  sub- 
culture. 

C4'436  V.  CHOLERA.— (1)  Pick  out  an  epithelial  flake.  (2)  Wash 
in  several  changes  of  085  S.S.S.  (3)  Plant  on  to  the  surface  of  a  poured 
alkaline  blood  agar  plate  (M2-225).  (4)  Incubate  18  to  24  hr.  (5) 
Examine  and  identify  colonies. 

C4-44  URINE. 

C4'441.— (1)  Pass  a  sterile  catheter.  (2)  Reject  the  first  portion 
passed.  (3)  Receive  the  urine  into  a  sterilized  T.T.  or  flask.  (4)  Sow' 
a  drop  from  the  collected  urine  on  agar  and  blood  agar  slopes  and 
one  drop  on  a  litmus  lactose  agar  plate. 

Notes. — 'The  urine  may  be  incubated  24  hr.  before  sowing,  or  again  it  may  be  added 
to  bile  medium  and  despatched  to  a  laboratory. 

C4"442  MALE. — (1)  Wash  the  glans  penis  and  meatus  thoroughly 
witli  hot  soap  and  water   everting  the  lips  of  the  meatus  to  clean  the 
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orifice.  (2)  Contmue  the  washing  with  70  per  cent.  ale.  (3)  Have  the 
prepuce  drawn  back  and  the  urine  passed'  in  succession  into  3  sterile 
receptAcles.  (4)  Reject  the  first  portion  passed.  (5)  Sow  from  the 
urine  of  the  '2nd  or  3rd  portion. 

Not«t.— 'If  til"  apeoimon  can  bo  Dbtaiintl  by  sterile  catheter  so  mucli  the  better. 
In  the  ea.to  ii(  a  ty|>h  >i>l  infection  it  may  b'.>  iieceHiiaiy  to  suw  ilaily  for  a  |>urii>(l  of  lU  d. 
to  obtain  a  result.     In  gonoirhiBa  sow  from  piia  or  li.sh  out   floaliiii;   filaiuenta  fur   sowing' 

C4"443  FEMALE'.- (1)  Have  the  genitalia  thoroughly  washed 
with  hot  soap  and  water  followed  by  70  per  rent.  ale.  (2)  Have  the 
labia  .separated  and  the  urine  passed  directly  in  succession  ijito  3  sterile 
receptacles.     (3)  Sow  from  the  2nd  or  3rd  portion  passed. 

Notts. — 'III  the  female  it  is  very  much  better  to  have  Hie  specimen  taken  by  moans 
of  a  sterile  catheter,  although  if  th^  case  is  one  of  true  bactoriuria,  the  infecting  organisms 
are  sufficiently  nunieious  to  exclude  confusion  from  the  pre.sencc  of  the  contaminating 
organisms. 

C4-444  B.  TUBERCULOSIS.— (1)  Mix  purident  deposit  with  4 
per  cent,  antiformin.  (2)  Xtutraiize  with  5  per  cent.  sod.  sulphite  and 
with  5  per  cent,  sulphuric  acid.  (3)  Inject  subcutancously  in  a  G.P 
(4)  Knead  the  site  of  inoculation  well.  (5)  Examine  for  ejdargement 
of  glands  in  10  J.     (6)  Excise  an  enlarged  gland  and  examine. 

C4-45  SPUTUM. 

C4"461 ' .- -( 1 )  Mix  thoroughly  equal  vol.  sputum  and  30  per 
cent.'  antiformin  in  a  T.T.  (2)  Remove  a  loopfiil  of  the  mixture 
after  2,  3,  4  and  5  min.,  respectively,  and  spread  over  the  surface  of  egg 
medium.     (3)  Furnish  the  T.T.  with  a  rubber  cap.     (4)  Incubate. 

Hott*.— 'P'<r  isolatiim  of  B.  tuberculosis.  .See  also.  C4-166.  -Ise  10  or  :;0  per 
cent,  antiformin  if  the  sputum  is  fluid. 

C4'4S2'.-  (1)  Have  the  sputum  expectorated  into  a  clean  recep- 
tacle. (2)  Examine  it  in  a  shallow  porcelain  dish  or  Petri  plate.  (3) 
Select  a  suitable  portion.  (4)  Treat  this  portion  with  an  equal  vol.  of 
5  per  cent.  sod.  hydroxide  for  30  min.  at  37C.  (6)  Neutralize  to  litmus 
indicator  with  5  per  cent,  hydrochloric  acid.  (7)  Centrifuge.  (8)  Sow 
the  deposit  on  egg  medium.  (9)  Furnish  the  T.T.  with  a  rubber  cap. 
(10)  Incubate. 

Note*.— 'For  isolation  of  B.    tuberculosis.     -Mucopurulent,   caseous,  or  blood  tinged. 

C4-46  EXUDATE  THROAT. 

C4*461.  (Ij  Place  till-  patient  in  a  good  light  with  fauces  well 
illuminated.  (2)  Use  a  tongue  depressor  to  get  a  good  view.  (3) 
Obtain  material  with  a  swab'  from  the  surface  of  any  visible  mem- 
brane or  from  a  part  showing  a  suspicious  appearance.     (4)  Return  the 
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swab  to  its  sterile  T.T.  and  fix  it  in  firmly.  (5)  Send  it  immediately  to 
a  laboratory.  (6)  Sow  on  serum  medium  (M2'35,  M2"36).  (7) 
Incubate  for  12  to  IS  hr.  (8)  Examine  the  colonies  which  have 
developed-. 

Notes. — 'Sterile  absorbont  cotton  wool  mounted  on  a  piece  of  stout  iron  wire  about 
f>  in.   long.   -E.g.,  for  B.  diphtheria). 

C4'462. — (1)  Procure  ox  or  horse  serum'  aseptically.  (2)  Add, 
with  sterile  precautions  sterile  0-3  per  cent,  glucose  sol.  and  litmus  sol. 
to  give  a  bluish  tinge.  (3)  Distribute  with  sterile  precautions  in  T.T. 
(4)  Keep  3  hr.  at  56C  on  3  successive  days^.  (5)  Sow  by  plunging  the 
swab  with  exudate  material  into  the  serum.  (G)  Incxibate.  (7)  Examine 
after  6  to  12  hr.  for  the  appearance  of  minute  colonies.  (8)  Identify'' 
the  colonies. 

Notes. — 'Old  antitetanic  or  normal  horse  serum  may  be  used  but  not  anti-diphtheria 
serum.  -The  serum  becomes  syrupy  in  consistence.  'The  method  is  designed  for  the 
detection   of   B.   diphtherial. 

C4-47  BODY  TISSUE. 

C4'471. — (1)  Perform  a  P.M.  (2)  Remove'  the  organs  sterilely 
and  place  in  sterile  receptacles.  (3)  Sterilize  the  siuface  of  the  organ 
by  searing  it  with  a  cautery  or  heated  instrument.  (4)  Cut  into  the  sub- 
stance of  the  organ  with  a  sterile  knife  through  the  cauterized  area.  (5) 
Sow  from  the  substance  or,  as  the  case  may  be,  contents-  of  the  organ 
on  suitable  media.  (G)  Remove  a  portion  of  the  organ  pulp  or  its 
contents  with  a  capillary  pipette  for  f ui-ther  examination. 

Notes. — 'The  opsrations  of  sowing  and  removal  of  material  may  also  be  done  with 
the  organs  in  silii.     ''Such  as  heart  blood,  intestinal  conterits,  etc. 

C4-48  WOUND  SECRETION. 

C4"481. — (1)  Wash  the  womid  well  with  sterile  water  or  salt 
solution.  (2)  Pick  up  loopf uls  of  pus  from  the  surface  and  from  the 
depth  of  the  wound.     (3)  Sow  serobically  and  anserobically. ' 

Notes. — 'The  pus  should  not,  as  is  sometimes  done,  be  differentially  heated  before 
sowing  aiiEeroblcally.  Such  treatment  tendd  to  bring  out  merely  the  more  resistant  type 
of  spore  bearing  anserob?,  such  as  B.  sporogenes. 

C4'49  HAIR  AND   SKIN. 

C4-491  TINE^  AND  TRICHOPHYTA'.— (1)  Cut  up  or  tease 
the  test  material^  into  as  many  pieces  as  possible  with  a  sterile  cutting 
needle.  (2)  Deposit  small  fragments  of  material  upon  the  medium.^ 
(3)  Grow  at  R.T.    (4)  Subculture  as  soon  as  growth  is  visible. 

Notes. — ^'Sec  also  C4'167.  The  trichophyta  cannot  be  cultivated  on  acid  media. 
Even   if   contaminating   organisms   are   present   the    trichophyton    growth   is   easily 
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diffrmiliati-d,  mid  csin-cially  by  its  tendency  ti)  jjrow  duwn  into  thi-  incdiuin. 
•E  g  liairs  or  squames.  'Vse  a  glycerin  nu'diiim  of  composition  : — Peptone  I  ;  neutral 
pnrr  glycerin  4  :  agar  15;  I).  W.  1,000-  The  agar  may  be  omitted  and  the  medium 
used  in  fluid  form-  The  glycerin  may  be  usefully  n>placed  by  maltose  (M4'622i 
M  4*523)  in  the  same  proportion  Contaminating  organisms  have  tlicir  growth  inhi- 
bited by  the  large  proi>ortion  of  maltose  in  the  medium,  or  if  they  do  appear  may  be 
eliminated  by  the  use  of  an  exhausted  medium  (C4'162). 

C4-492  TINE/E  AND  TRICHOPHYTA.-  (1)  Place  the  test 
material  in  a  moist  chamber.  (J)  Keep  at  K.T.  up  to  7  d.  (3)  Watch 
for  formation  of  mycelium.  (4)  Subculture  as  .soon  as  growth  i« 
visible. 

Notes. — '  A. 7..    hiirs  or  >qininies. 

C4-5  EXAMINATION  OF  MATERIAL. 

C4-51  MILK. 

C4-511  ENUMERATION  ORGANISMS.— (1)  Shake'  the  test  milk 

well    ti)    break   up    clumps    of   organisms.     (2)    Make    dilutions    1-100 

1-10,000,    1-1,000.000.     (3)  Prepare     plates   of    litmus   lactose     agar 

with  Ice.  of  each  dilution.     (4)  Incubate   21  hr.  (5)  Enumerate-  and 

identify  the  colonies  which  develop. 

NotM. — 'To  mix.  The  cream  contains  morp  bacteria  than  the  milk.  2 -potai 
count,  and  lelative  pro|Virtion  of  laetosi^  and  non-lactose  fermenters. 

C4-512  B.  TUBERCULOSIS.— (1)  Centrifugal ize  100  c.c.  test 
railk  at  high  speed.  (2)  Remove  the  cream  layer.  (3)  Pipette  off  the 
milk  layer  until  only  about  4  c.c.  remain  in  the  centrifuge  tube.  (4) 
Shake  up  the  residue  of  milk  and  the  sediment.  (5)  Inoculate  G.P. 
each  with  2  c.c.  subcutaneously,  intramuscularly  or    intraperitoneally. 

Notts. — ^'The  use  of  larger    quantities  of    milk     and  a    considerable    number  of    f!.P. 
will   incr»>as<»  the  probabilities  of  detection. 

C4-513  B.  DIPHTHERIiE.  -(1)  Centrifugalize  50  c.c.  test  milk 
at  high  speed.  (2)  Kemove  the  cream  layer  to  a  sterile  T.T.  (3) 
Pipette  off  the  milk  layer  until  only  1  to  2  c.c.  remain.  (4)  Shake  up 
the  residue  of  milk  and  the  sediment,  and  mix  in  al^o  the  cream.  (5) 
U.se  this  mixture  for  sowing  suitable  serum  medium  (M2'35,  M2'36). 
.  C4-514  Hi^EMOLYTIC  STREPTOCOCCI.  -(1)  Add  various  dilu- 
tions of  the  te--.t  milk  to  10  c.c.  jiutrienl  agar  containing  1  c.c.  rabbit 
blood.  (2)  Pour  plates.  (3)  Incubate  48  hr.  at  37C.  (4)  Examine 
for  hsDmolysis.  (.5)  Pick  off  those  colonies  showijig  a  clear  transparent, 
colourle.ss  zone  and  transfer  to  bouillon.  (6)  Sow  in  glucose,  saccharo.se, 
raHuio.se,  majinitf,  lactose,  and  salicin  bouillon  for  determination  nf 
acidity,  in  milk  for  coagulation,  and  on  blood  agar  platca  for  luLuiolysi-s. 
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(7)  Test  virulence  in  G.  P.  by  intraperitoneal  injection  of  1  c.c.  of   a 
48-hr.  bouillon  culture  and  in  mice  by  injection  of  0-5  c.c. 

C4-515  CURDLING.— (1)  Incubate  samples  of  milk  in  T.T.  12  hr. 
at  30  to  35C.     (2)  Examine.' 

Notes. — 'Good  milk  is  sour  and  curdled,  and  there  is  a  homogeneous  coagulum 
present  without  much  separation  of  curd  or  formation  of  gas.  Coagulati(m  in  less  than 
12  hr.  is  abnormal  and  the  absence  of  curdling  in  24  to  48  hr.  suggests  the  addition  of 
preservatives  or  the  presence  of  organisms  inliibiting  lactic  acid  formation,  e.g.,  organisms 
of.mammitis,  putrefactive  orgamsms,  etc.  If  curdling  is  accompanied  by  an  offensive 
odour,  or  if  the  coagulum  is  peptonized,  the  presence  of  B.  subtilis,  putrefactive  bacteria, 
etc.,  is  inferred.  If  all  the  samples  show  the  same  undesirable  characters  throughout,  this 
points  to  a  generalized  condition  of  the  stable.  If  only  some  samples  show  the  appearance, 
this  points  to  the  cow  which  produces  the  sample  of  milk  being  at  fault. 

C4-52  BUTTER  AND  CREAM. 

C4*521.— (1)  Place  a  sample  of  the  material  in  a  T.T.  (2)  Keep 
at  420  tUl  melted.  (3)  Sow  to  obtain  discrete  colonies  from  the 
melted  material. 

C4-53    VEGETABLES. 

C4"531- — (1)  Cut  up  the  vegetable'  finely  with  sterile  scissors 
and  forceps.  (2)  Add  to  a  flask  of  sterile  water^.  (3)  Shake 
vigorously.  (4)  Sow  from  the  washings'  in  suitable  media,  (o) 
Incubate.     (6)  Examine  the  growths  and  identify. 

Notes. — 'If  quantitative  results  aio  desired,  a  weighed  quantit}-  of  vegetable  should 
be  used.  -A  de6nite  volume,  if  quantitative  results  are  required.  ^lu  definite  amt.,  if 
quantitative  results  are  required. 

C4-54  SOIL. 

C4*541. — (1)  Make  a  suspension  of  10  grm.  soil,  taken  at  from 
2  to  6  in.  below  the  surface,  by  grinding  up  finely  and  adding  to  250  c.c. 
0'85  S.S.S.  (2)  Shake  well  to  obtain  thorough  suspension.  (3)  Dilute 
this  suspension  1  in  250  with  0-85  S.S.S.  (4)  Sow  1  c.c.  diluted 
suspension  in  10  c.c.  melted  nutrient  agar'  (M2"131)  and  in  10  c.c.  melted 
protein-free  agar-  (M4'2).  (5)  Pour  plates.  (6)  Incubate  Id.  at 
18  and  220.-'  (7)  Make  daily  coimts  of  the  colonies  developing.  (8) 
Identify  colonies. 

Notes. — 'Made  with  lemco.  -Glucose  10  ;  di-pot.  phosphate  0"5;  mag.  sulphate  0'2.; 
pot.  nitrate  0-05  ;  agar  20  ;  water  100.  'The  lower  temperature  favours  the  appearance 
of  the  more  slowly  growing  bacteria. 

04-55  WATER. 

C4-551  ENUMERATION  BACTERIA.— (1)  Melt  about  20  c.c.  2 
per  cent,  nutrient  agar.  (2)  Cool.  (3)  Place  in  a  water  bath  at  42G 
and  keep  at  this  temperature  till  required  for  use.  (4)  Place  1  c.c.  test 
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watoT  or  suitable  dilution  in  a  Petri  plate.  (5)  Pour  the  melted  agar 
into  the  Petri  plate.  (6)  Kotate  to  mix.  (7)  Keep  the  lower  portion 
of  plate  containing  the  agar  inverted  and  resting  on  the  cover  for  1  hr. 
iji  the  incubator  to  dry'.  (8)  Incubate  24  lu-.  (9)  Count  the  colonies 
which  have  developed. 

NoiM 'V.    aUo   mcthwl    witli    filt^<r   luipor  (C4-1132). 

C4-552  LACTOSE  FERMENTERS.— (1)  Add  amt.  of  test  water 
varying  from  lOU  c.c.  to  -000001  c.c.  to  tubes  of  tluid  bile  salt  lactose 
medium'  (M3'316).  (2)  Incubate  48  hr.  (3)  Determine  the  smallest 
quantity  of  water  which  gives  acid  aud  gas  in  the  incubated  T.T. 

Notts. — 'Hud.  tauruoholatu  0'5 ;  peptone  2  ;  lactose  1  ;  UtiuuB  sol.  to  give  purple 
colourstioa  ;  D.  W.  100.  For  amt.  of  water  ns  large  as  100  o.o.  triple  strength  medium 
IS  ii8<><l ;  50  C.C.  medium  for  100  c.c  water.  The  10  e.u.  samples  are  atldcd  to  10  c.r.  double 
~trt-ngtli  medium.  In  America  sod.  tauroeholale  is  not  used  in  the  lactose  medium. 
It  is  also  directed,  instead  of  using  triple  strength,  that  "in  every  fermentation  tube 
there  must  always  be  at  least  3  times  as  much  medium  as  the  amt.  of  wat«r  to  be  tested. 
When  necessary  to  examine  laiger  amt.  than  10  e.c.  as  many  tubes  as  necessary  shall  be 
inoculate<i    with    lo   c.r.   each." 

C4-553  PUTREFACTION  TEST.— (1)  Convert  90  c.c.  test  water 
in  a  sterile  glass  stoppered  bottle  into  a  1  per  cent,  peptone  water  by  the 
addition  of  10  c.c.  10  per  cent,  peptone.  (2)  Close  with  the  stopper^ 
(3)  Incubate  48  hr.  (4)  Examine  for  the  development  of  smell'  of 
sulphuretted  hydrogen. 

NotM. — 'iSbuuld  be  absent  in  a  goixl  water.     Is  prc-seiit  in  a  sewage  polluted  water. 
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The  j)roblein  of  tlie  virulence  of  a  micro-organism  is  one  which  has 
not  received  very  satisfactory  treatment.  The  explanation  of  virulence 
as  a  capacity,  imder  given  circumstances,  of  rapid  multiplication,  or  its 
explanation  as  some  inherent  projierty  which  is  not  dependent  on  rate  of 
miUtiplication,  are  still  matters  of  dispute.  Then  again  the  question  of 
fixed  virulence  is  obviously  one  which  will  find  its  elucidation  in  the 
explanation  of  the  nature  of  virulence,  or  its  reciprocal,  susceptibility. 
Fixed  virulence  may  be  of  two  degrees  that  of  high  grade  and  that  of  low 
grade,  and  is  a  subject  which  in  familiar  to  workers  in  Pasteur  Institutes 
under  the  title  of  fixed  rabies  virus.  In  the  case  of  rabies,  fixation  at  a 
high  level  is  effected  by  successive  passages  through  a  special  animal,  the 
rabbit.  Workers  at  the  subject  of  rabies  also  refer  to  the  loss  of  virulence 
of  rabies  virus  by  successive  passages  through  certain  other  animals. 
In  this  our  contribution  to  the  subject  of  virulence,  the  virus  used  by  us 
was  fowl  cholera,  and  the  uivestigation  related  to  the  maintenance  or 
loss  of  virulence  of  the  organism  by  weekly  subculture  on  blood  agar  and 
upon  ordinary  trypagar  made  from  mutton.  The  trypagar  simply  had 
rabbits  blood  added  to  it  ia  the  proportion  of  10  per  cent,  while  the 
trypagar  had  a  reaction  of  pH  7-4  to  7-6.  This  note,  it  should  be 
explained,  relates  to  experiments  on  immimity  as  a  result  of  inoculation, 
which  cover  the  ground  of  effect  of  age  and  temperature  on  antigen,  the 
use  of  avirulent  and  virulent  strains  for  immunization,  rate  of  loss  and 
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rate  of  gain  of  virulence  by  cultivation  on  artificial  media,  the  effect  of 
immunization  w-ith  allied  organLsuLs  and  the  effect  of  immunization  with 
wholly  non-specific  organisms.  The  strain  to  which  this  note  refers  was 
originally  a  Wrulent  fowl  cholera  (B.  ariseplicus)  which  was  grown  by 
weekly  subculture  on  blood  agar  and  upon  ordinary  agar  for  12  months 
before  being  subjected  to  final  test.  The  growth  on  l)lood  agar — and  this 
Is  a  point  to  be  noted  in  comxection  with  the  explanation  of  virulence — 
was  comjiaratively  luxuriant,  while  that  on  ordinary  agar  was  scanty. 

The  (loses  used  are.  throughout  this  pajier,  expressed  as  milligrammea 
of  dried  bacterial  substance,  and  their  estimation  has  been  made  (rom 
Brown  and  Kirwan's  (1915)  table  through  an  opacity  correlation.  In 
this  correlation  we  have  taken  an  11 -fold  dilution  of  a  1  per  cent 
barium  sulphate  in  citrated  salt  solution  to  he  equivalent  to  1  nigm. 
of  dried  bacterial  substance. 

The  organism  at  its  Isolation  was  found  to  be  extremely  virulent  to 
pigeoas  by  intravenous  inoculation.  That  this  virulence  could  be 
'  fixe<l  '  by  maintaining  serial  cultivation  on  blood  agar  is  shown  in  the 
following  table  which  represents  trials  of  virulence  on  pigeoiLs  made  at 
varying  periods  by  intravenous  injection  throughout  the  12  months. 

Table  I 

Shoufing  the  preservation  (fixation)  nj  rinilenre,  with  small  variation  around 

a  point,  throughout  12  monttis  oj  weekly  subculture  on  blood  agar. 


Hksult  .aftku  7 

-    IIH.    NUMBKIl 

Uoses  in 

milligrammes. 

(IF 

PIOKONS. 

Living. 

r<ead. 

1 

3 

0-2      .. 

1 

U!      .. 

3 

004   .. 

1 

OUl 

3 

0001 

1 

0  008 

1 

OOOllJ 

1 

0  001 

3 

0<X>032 

1 

0  0001 

2 

0  00001 

4 

0  000001 

16 

OOOOOOOo 

12 

0  0000001 

2 

35 

0  00000005 

4 

10 

0  0000000 1 

7 

32 

OOtJOOOOOO.) 

.1 

13 

I)  000000001 

11 

16 

00000000001 

9 

6 
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The  test  of  virulence  of  the  strain  of  fowl  cholera  used  Is  given  in 
table  II  which  shows  how,  when  the  organism  is  subcultured  weekly  on 
ordinary  agar,  it  is  at  the  end  of  12  months,  only  able  to  kill  in  a  dose  of 
1  mgm.  whereas  when  subcultured  on  blood  agar  the  virulence  is 
maintained. 

Table  II 

Showing  the  comparison  oj  the  effect  of  growing  one  and  the  same  strain  of 

organism  on  ordinary  agar  and  blood  agar  respectively. 


. 

Grown  on  ordinary  agab. 

Grown  on  blood  agar. 

Dose  in  mgm. 

Weights 
of 

Result   after,   hr. 

Weights 

of 

Result  after,  hr. 

pigeons. 

24 

48 

72 

»(> 

pigeons. 

24 

48 

72 

90 

(|-U(»(t(t(IUUIIl  . . 

340 
330 

alive 
alive 

320 
480 

alive 
alive 

0-ooooouoi    .. 

390 
330 

alive 
alive 

310 
300 

died 

alive 

O-OOOdltOl       .  . 

420 
300 

alive 
alive 

270 
290 

died 

died 

0-000(101 

330 
310 

alive 
alive 

250 
290 

died 
died 

.. 

0-00001 

330 
410 

alive 
alive 

320 
300 

died 
died 

0-0001 

320 
350 

alive 
alive 

290 
310 

died 
died 

0-001 

340 
280 

alive 
alive 

200 
280 

died 
died 

0-01 

350     1   .. 

alive 

330 

died 

320 

alive 

420 

died 

01 

270 
320 

alive 
alive 

300 
290 

died 
died 

1-0 

200 
330 

died 
died 

300 
340 

died 
died 
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The  "  tixetl  "'  avirulence  of  strains  grown  for  some  time  on  ordiJiarv 
agar  instead  of  on  blood  agar  was  not  fully  taken  up.  The  followin;; 
table  however  indicates  the  probability  of  this  being  the  case. 

Table  III 

Shoteimj  the  fatal  intravenous  dose  of  two  strains  of  fowl  cholera  which  had 
been  long  subcultured  on  ordinary  a<jor. 


Strain. 

Tigoon. 
1 

Uose 

in  nigni. 

iiesull 

after 

72  Ins. 

M 

dead 

:j 

•Ill 

alive 
alive 

r 

I 
3 

•01 

dead 
alive 
alive 

Conclusions. 

1.  B.  aviseplicus  is  an  organism  whose  virulence  can  be  maintaine<l 
fixetl  within  small  limits  without  animal  pa.s.sage,  by  subculture  on  blood 
agar,  while  its  virulence  is  very  largely  lost  by  subculture  on  ordinary 
agar. 

2.  There  seems  some  probability  that  B.  aviseplicus  wlien 
subcultured  oil  ordinary  agar  becomes  "  fixed  "  in  avirulence. 
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It  is  still  matter  of  controversy  whether  the  organism  used 
in  the  preparation  a  of  vaccine  should  be  as  virulent  a  strain  as  it  is 
possible  to  obtain.  The  idea  underlying  the  question  is  whether  a 
vaccine  prepared  from  a  recently  isolated  or  virulent  type  of  organism 
may,  quite  apart  from  any  considerations  of  amount  to  be  administered, 
afford  a  higher  protection  than  is  attainable  by  the  use  of  vaccine 
made  from  an  organism  which  has  been  rendered  a\irulent  by 
subculture. 

It  is  evident,  however,  that  this  view  is  still  in  need  of  proof,  for 
typhoid  vaccines,  as  generally  used,  are  made  from  a  stock  organism 
which  has  undergone  subcultm-e  for  many  years. 

Prophylactic  plague  vaccine  on  the  other  hand  is  prepared  with 
special  insistence  on  the  need  for  use  of  a  recently  isolated  virulent 
strain. 

The  experiments  carried  out  by  us  are  trials  on  pigeons  of  the  efficacy 

of    a   fowl  cholera  antigen  killed  by  heat,  and  injected  intravenously 

at  7  days'  interval.     The  doses  used  were  two,  the  first  of  0-5  mgm.  of 

dried  bacterial  substance  as  determined  from  Brown's  tables  (1919)  and 
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the  second  of  1  mgra.  The  use  of  fowl  cholera  was  decided  on  because 
it  had  the  advantage  of  being  pathogenic  to  pigeons  and  so  enabled  us 
to  iL-ie  the  more  convijuing  protection  experiments  in  our  trials.  The 
main  trial  Is  that  of  protection  afforded  by  a  vaccine  prepared  from  the 
same  straui  jof  organism  in  its  virulent  and  its  avirulent  state  against 
the  inoculation  intravenously  of  a  series  of  test  doses  of  the  li\nng 
organism  in  its  virulent  condition.  The  organism  when  originally 
obtained  was  very  virulent.  This  virulence  was  maintained,  as 
explained  in  a  previous  paper  (Harvey  and  Iyengar,  1921),  by 
continued  subculture  on  rabbit  blood  agar  whereas  the  avirulent  strain 
was  obtained  by  continued  subculture  for  12  months  on  ordinary 
nutrient  agar.  The  avirulent  strain  killed  only  in  do-ses  of  1  mgm. 
In  addition  to  the  evidence  given  by  the  protection  trials  we  have 
that  of  the  agglutination  reaction  obtained  in  a  series  of  pigeons 
specially  set  apart  for  the  purpose  and  not  used  in  the  protection  test. 
The  method  of  recording  the  agglutination  is  that  advocated  by 
Harvey  (1920)  and  the  two  dilution  values  given  as  describing  the 
limits  of  flocculation  are  practically  those  of  complete  agglutination 
and]of  macroscopically  evident  flocculation  respectively.  Those  pigeons 
which' had  been  treated  with  a  vaccine  prepared  from  the  virulent  and 
the  avirulent  organism  had  their  serum  each  tested  against  both 
virulent  and  avirulent  strains. 

The  control  trials  were  carried  out  on  20  pigeons  and  occupied  the 
day  before  as  well  a.s  the  day  of  the  experiment,  but  arc  showji  in  a  single 
table.  This  control  was  one  designed  to  demonstrate  the  degree  of 
virulence  po.ssessed'by  the' organism  u.sed  a.s  test  of  protection,  and 
also  to  give  a  basis  for  the  conclusion  as  to  the  fact  that  protection 
had  been  afforded.  Of  the  40  pigeons  set  apart  for  the  vaccine 
trials,  fifteen  in  each  category  were  used  for  the  test  of  relative 
protection  given  by  the  vaccine  prepared  from  the  virulent  and  the 
avirulent  organism  and  five  each  for  the  agglutination  results  from 
these  two  same  strains. 

In  the  control  scries  1 7  pigeons  out  of  20  succumbed  to  the  test 
doses  which  were  of  a  graded  character.  But  it  is  to  be  noted  that  the 
dosage  in  this  series  ranged  in  both  directions  further  than  that  in  the 
series  of  pigeons  receiving  preliminary  treatment  with  vaccine. 
If  we  take  the  range  of  dosage  as  being  from  0000,000,005  mgm.  to 
0-000,000,.5  mgm.  we  find  that  all  the  pigeons  out  of  the  14  used  died  in 
the  control  series  as  against  6  out  of  15  in  the  series  receiving  virulent 
J,   XB  "^ 
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organism  vaccine  and  G  out  of   15  in  the    series  recei'V'ing  avirulent 
organism  vaccine. 

The  following  tables  show  exactly  the  data  relating  to  dosage, 
weight  of  pigeons  before  and  after  dosage,  survival  and  non-survival  of 
test  dose,  and  agglutination  values  of  sera  : — 


Table  I 

Shoiving  the  results  of  uitravenoiis  inoculation  oj  a  graded  series  oj  doses  of 
living  rirulent  B.  avisepticiis  in  j)igeons. 


Serial  No. 

Weights  in  gnu. 

Dose  in  mgm. 

Result. 

I 

300 

0-000,000,000,1 

lived. 

2 

320 

„ 

„ 

3 

290 

0-000,000,001 

dead  in   24  hrs. 

4 

300 

„ 

„       „  48     „ 

5 

320 

(•000,000,005 

„       „  96     „ 

6 

31)0 

„ 

„       .,  24     „ 

7 

300 

0-000,000,01 

„       „  24     „ 

8 

290 

„ 

„       „  24     „ 

9 

300 

,, 

„       „  24     ,, 

10 

320 

,. 

„       „  24     „ 

11 

290 

0-000,000,05 

.,       ,.  24     ,. 

12 

300 

„ 

„       „  24     „ 

13 

300 

0-000,000,1 

„       „  24     „ 

14 

300 

„ 

.,       ..  24     „ 

15 

290 

„ 

,.       ..  24     „ 

16 

290 

„ 

„       „  24     „ 

17 

320 

O-OOO.COO.o 

„       .,  24     „ 

18 

320 

„ 

„       .,  24     „ 

10 

290 

0-000,001 

„       ..  24     „ 

20 

290 

'• 

„       „  24     „ 
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Table  II 


Showing  the  results  of  prophiflaclic  intravenous  inoculation  of  two  (loses 
(0'35  and  0'7  ingm.)  of  cirulenl  and  acirulent  strains  at  internals  of 
one  iceek,  with  test  of  protection  by  intravenous  inoculation  of  a  test 
dose  of  the  living  virulent  strain  12  days  after  the  last  prophylactic 
dose. 


Weights  •  in 

irni. 

Stnin* 

Test  doae  in  mpni. 

Result. 

1 

2 

3 

Virulent 

31U 

310 

310 

0000.000,005 

lived. 

290 

300 

290 

,. 

„ 

320 

310 

320 

„ 

„ 

310 

310 

310 

OOOOMHI.Ol 

„ 

300 

290 

300 

„ 

„ 

290 

290 

300 

„ 

,, 

310 

300 

310 

0000.000.05 

died. 

290 

290 

290 

lived. 

310 

310 

310 

„ 

„ 

320 

320 

310 

00(MI.OOO,1 

dead  in   24  his. 

290 

290 

300 

,.     .,    24     ,. 

300 

300 

300 

lived. 

310 

310 

310 

0000,000,5 

dead  in  24  lirs. 

280 

290 

290 

,, 

,.      ..    24     „ 

290 

290 

290 

" 

lived. 

Avirulent 

310 

310 

310 

0-000,000,005 

li  red. 

320 

310 

320 

290 

290 

290 

., 

300 

300 

30O 

0000.000,01 

,, 

290 

290 

300 

„ 

.. 

300 

310 

310 

„ 

„ 

320 

3111 

310 

0-000,000.05 

dead  in   24  hrs, 

300 

3fiO 

30O 

„     .,  24     „ 

290 

290 

290 

lived. 

310 

:wo 

310 

0-rKH),(KK),l 

dead  in   24  hre. 

310 

310 

•2fH> 

„      „  24     „ 

300 

300 

300 

lived. 

290 

290 

290 

0  (KKI.OOO.'i 

dead  in   24  hrp. 

300 

310 

300 

„       ,.  24     „ 

290 

300 

300 

live.l. 

•  At  the  time  n(  adminiRtration  of  the  lirBt  dose,  of  the  secon'l  doFC  and 
time  of  fimil  teat. 
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Table  III 

Showing  the  results  of  test  of  agglutinating  power  of  serum  of  pigeons 
inoculated  intravenously  with  virulent  and  avirulent  strains  at 
intervals  of  one  week  with  test  12  days  after  the  last  inoculation. 


Weights. 

AaOLUTINATINQ   POWER.* 

inoculation. 

1 

2 

3 

To  virulent 
strain. 

To  avirulent 
strain. 

Virulent 

330 

310 

300 

128  ^1  43-b 
128'  432-b 

128     432-b 

300 

300 

290 

128    432-b 

300 

320 

310 

256     432-b 

256     432-b 

290 

280 

290 

128     432-b 

128     432-b 

300 

320 

300 

64       65-c 
512     432-b 

512     432-b 

Avinilent 

29U 

290 

300 

128     432-b 

16      6r,-c 
128     432-b 

300 

300 

290 

32       65-c 
512     432-b 

64       65-c 
512     432-b 

320 

320 

300 

128      43-b 

128     432-b 

" 

300 

290 

290 

128     432-b 

128     432-b 

320 

320 

320 

128     432-b 

128     432-b 

*  Where  two  values  are  given  Ihe  upper  is  tbat  of  the  limiting  dilution  of  serum 
showing  complete  agglutination,  the  lower  that  of  the  limiting  dilution  showing 
raacroscopically  evident  flocoulation.  Where  only  one  value  is  given  it  is  the  second  of 
these    two. 

Commentary. 
The  bacillus  of  fowl  cholera  is  not  one  of  the  organisms  which  is 
used  in  the  prophylactic  inoculation  of  human  beings.  Deductions 
therefore  made  from  the  results  here  obtained  must  be  based  on  the 
argument  for  analogy  when  transferred  to  the  case  of  man  and  other 
organisms.  The  pigeons  too  used  in  trial  are  not  immunized  in  the  usual 
way  by  subcutaneous  inocidation  but  by  intravenous.  They  are  in 
fact  used  simply  as  a  means  of  measurement  in  life  of  response  to 
prophylactic    antigen   and  not  specially  as   animals  immunised  with 
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suitnblo  dos»\<.  It  u;  to  he  iiotod  however  that  the  intravenous  method 
of  nuulii-atioii  us«mI  in  the  trials  is  not  only  elfiiacious  but  has  not 
brought  about  any  disturbance  of  the  subjects  so  far[as  it  is  to  be  gauged 
by  the  tigun-s  relating  to  weight. 

Conclusions. 
Thest*  are,  in  regard  to    the    bacillus    of  fowl  cholera,  and    with 
reference  to  the  methods  used  in  the  trials  : — 

1.  Protwtion  afforded  by  prophylactic  administration  of  an 
avirulent  organism  to  infectioji  by  the  organism  in  its  virident  condition. 

2.  The  protection  afforded  by  the  avirulent  strain  bears  the 
proportion  in  these  trials  to  that  afforded  by  the  virulent  strain  of  9  lives 
saved  out  of  15,  as  against  10  lives  saved  out  of  15.  The  difference 
shown  between  the  two  is  only  slight  and  may  or  may  not  be  really  in 
favour  of  the  use  of  the  virulent  strain. 

3.  The  response  to  inoculation  of  an  avirulent  strain  in  the  shape 
of  agglutinating  power  of  the  scrum  is  the  same  both  for  the  avirulent 
and  the  Niruleut  strain.  The  same  result  holds  good  for  the  ijioculation 
of  a  virulent  strain. 
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In  a  previous  communicatioji  (Harvey  and  Iyengar,  1921),  we  showed 
that  by  intravenous  immunization  and  test  of  pigeons  the  fowl  cholera 
organism,  B.  avisepticus,  showed  no  significant  difierence  of  effect 
whether  it  were  virulent  or  almost  completely  avirulent.  The  present 
research  conducted  on  exactly  the  same  lines  is  a  contribution  to  a 
solution  of  the  questions  of  how  far  a  group  organism  can  immimize 
against  another  member  of  the  group  and  how  far  an  altogether 
non-specific  organism  can  afford  protection  against  infection.  The 
organisms  used  were  B.  avisepticus,  B.  cuniculisepticus  and  B.  coli  of 
which  the  first  was  the  specific  organism,  the  second  the  group  organism 
and  the  third  the  non-specific  organism.  The  method  adopted. in  all 
these  studies  is  to  give  the  prophylactic  doses — in  this  case  the 
equivalents  of  U-5  and  1  mgm.  of  dried  antigen-  intravenously  and  to 
follow  the  second  of  these  inoculations  12  days  later  with  a  dose  of  the 
living  test  organism.  The  standardization  of  quantities  used  was 
effected  by  the  method  of  Browji  (1919). 

The  results  of  the  trial  were  not  quite  what  we  expected.  We  had 
expected  that  the  specific  organism  would  give  the  highest  protection, 
that  the  group  organism  woidd  give  the  next  highest  degree  of 
protection  and  that  the  non-specific  organism  would  give  the  least  or 
no  protection.  In  these  exjieriments  however  the  results  worked  out  to 
protection  of  the  highest  order  from  the  specific  organism  and  a  more 
or  less  equal  but  considerably  less  protection  from  the  group  and 
non-specific  organisms. 
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A  control  series  of  ajiiiuals  were  inocululeil  with  the  livijig  specifio 
organism  to  show  the  mortality  for  the  uiiiiioculatcd. 

Table  I. 

Control  Series.    Showing  the  result  of  intravenous  inoculation  of 
piiji'ons  with  living  B.  aviscplicus  in  v<in/ing  dosc.i. 


SetuI  Xu. 

Weight  iu  grui. 

Doic  ill  lugiu. 

IWult. 

I 

290 

0-000,000,005 

lived 

2 

280 

„ 

(lead  in  48  lirs. 

3 

3U0 

0000,000,01 

„       ..  24     „ 

4 

320 

„ 

..       .,  24     „ 

5 

:«jo 

,, 

..       „  24     .. 

6 

290 

^, 

.,       ..  48     „ 

7 

290 

0000,000,00 

..       ..  24     „ 

S 

290 

„ 

..       „  24     „ 

9 

300 

0-000,000,  Ij 

.,       .,  24     „ 

lu 

2S0 

„ 

..       „  24     „ 

II 

280 

,, 

.,       „  24     .. 

12 

280 

,, 

..       ,.  24     „ 

13 

280 

0-000,000,5 

..       ,.  24      , 

14 

280 

" 

.,       ..  24     „ 

Table  II. 
Test  Scries.  Showing  the  prophylactic  effect  of  intravenous  inoculation 
in  pigeons  of  a  specifio  organism  B.  aviseplicns,  a  group  organism 
B.  cunicnliseplicus  and  a  non-specific  organism  B.  coli  respectively 
against  a  series  of  lest  doses  of  the  living  specific  organism,  also 
adminislcr&l  intravenoushj. 


Serial 

•Weights. 

Scries  of  Pigeons.            i>usc  in  mgm. 

No. 

1 

2 

3 

Kesult. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

l.'> 

300 
280 
300 
280 
290 
290 
300 
300 
300 
290 
29il 
280 
320 
3CMI 

280 
290 
30(J 
290 
290 
290 
320 
300 
300 
200 
300 
290 
290 
30«l 
300 

280 
280 
28«J 
300 
280 
280 
290 
290 
300 
2fi0 
300 
3<M» 
290 
310 
SCO 

Specifio  Urua.vi3h. 

00OO,(XX>,00.> 

0000,(KK).Ol 

OO0p,(X)0.05 

..                          C-OOC,C(io,l 

0  (KHLIMNJ,') 

lived 

•The  weight*  (in  grammes)  given  are  those  on  the  day  of  the  first    prophylactic 
Jo«r,  on  the  day  of  the  «cc<  od  prophylactic  dose  and  on  the  day  of  the  test  doso. 
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Table  II. — contd. 


* 

Weight 

8. 

Serial 

Scries  of  Pigeons. 

Dose  in  mgm. 

Result. 

No. 

1 

2 

3 

GbOUP   OBOANiaM. 

16 

300 

290 

290 

0-000,000,005 

lived 

17 

•J  90 

280 

290 

18 

300 

1     280 

290 

J 

„ 

19 

320 

300 

290 

0000,000,01 

„ 

20 

300 

300 

290 

„ 

„ 

21 

300 

300 

300 

„ 

,, 

22 

300 

290 

.300 

0-000,000,05 

dead  in  24  lirs. 

23 

290 

290 

300 

„ 

,.      ,.  48   „ 

24 

300 

290 

300 

„ 

lived 

25 

320 

300 

290 

0000,000,1 

dead  in  24  his. 

26 

300 

310 

300 

„      .,  24  „ 

27 

300 

300 

290 

*„      „  24  „ 

28 

290 

300 

300 

0-000,000,5 

„      „  24  „ 

29 

280 

300 

300 

,, 

..      „  24  „ 

30 

280 

320 

300 

- 

„      „  24  „ 

Non-Spboipio  Oboah- 

tstt. 

31 

300 

290 

300 

0-000000,005 

Uved 

32 

300 

300 

300 

„ 

33 

320 

300 

300 

,, 

34 

290 

290 

300 

0-000,000,01 

,, 

35 

290 

300 

290 

,, 

36 

290 

290 

290 

,, 

dead  in  48  hrs. 

37 

300 

300 

320 

0000,000,05 

•,     .,  48    „ 

38 

300 

300 

300 

,, 

lived 

39 

290 

300 

300 

J, 

40 

290 

300 

300 

0-000,000,1 

dead  in  24  hrs. 

41 

290 

290 

3C0 

.1 

,, 

.,     „  24    „ 

42 

300 

290 

290 

„ 

„     -.  24   „ 

43 

300 

290 

300 

0-000,000,5 

„     „  24   .. 

44 

320 

300 

320 

,, 

„     ,.  24    „ 

45 

300 

300 

290 

" 

„     .,  24    „ 

*  The  weights  (in  grammes)   given  are  those  on   the  day  of  the  first   prophylactic 
dose,  on  the  day  of  the  second  jirophylactic  dose  and  on  the  day  of  the  test  dose. 


The  two  tables  show  for  the  same  range  of  dosage  : 

(1)  only  one    survival,  and  that  for  a  very    minute  dose  of  B. 
avisepticus  out  of  14  uninoculated  pigeons  ; 

(2)  15  survivals  out  of  15  pigeons  prophylactically  inoculated  with 
B.  avisepticus  ; 

(3)  7  survivals  out  of  15  pigeons  for  B.  cuniculisepticus  and  B.  coli 
respectively. 
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Conclusion. 
Ill  this  set  of  exixTiiueiits  with  pigeons  and  with  B.  avisepticus 

1.  The  prophylactic  use  of  the  specific  organism  showed  a  great 
saving  of  life  (15  animals  out  of  15)  as  compared  with  a  control  series  in 
which  there  was  great  mortality. 

2.  The  prophylactic  inoculation  of  an  allied  organism, 
B.  cuiiiculisepticus,  showed  no  evidence  of  any  greater  saving  of  life  than 
did  the  i)rophylactic  inoculation  of  a  wholly  non-speciiic  organism. 

3.  Distinct  evidence  of  protection  by  the  prophylactic  inoculation 
of  a  non-specific  orgauism  has  been  demonstrated. 
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There  is  a  great  deal  of  literature  now  on  the  subject  of 
anaphylaxia  and  sensitization.  But  although  frequent  statements  are 
made  regarding  the  close  relationship  existing  between  the  immune  state 
and  the  state  of  sensitization,  comparatively  little  experimental  work 
has  been  done  to  bring  out  exact  quantitative  relationships.  If,  for  the 
sake  of  argument,  we  assume  the  sensitized  individual  to  be  an  immmiized 
individual  then  Ave  must  admit,  having  regard  to  our  knowledge  of  the 
duration  of  sensitization,  that  an  individual  once  immunized  remains 
indefinitely  sensitized.  This  fact  is  already  taken  advantage  of  in  the 
case  of  various  diseases  by  using  tests  diagnostically  to  prod  uce  obvious 
manifestations  of  the  sensitized  condition.  Such  tests  are  for  the  most 
part  cutaneous,  intracutaneous  or  subcutaneous.  But  it  is  legitimate 
to  conclude  that  any  method  of  introduction  of  appropriate  antigen  will 
serve  to  elicit  the  phenomenon  of  a  response  which  diSers  quantitatively 
from  the  response  obtainable  in  an  misensitized  individual.  The  tests 
instead  of  being  intracutaneous  might,  if.  that  were  convenient,  be 
intravenous,  intraperitoneal  or  intracerebral.  Such  tests  are  in  fact 
used  ill  animals  in  order  to  bring  out  marked  manifestation  of 
anaphylaxia.  With  minimal  dosage  the  response  in  a  sensitized  animal 
is  something  less  than  that  of  anaphylactic  shock.  The  dose  may  be 
reduced  so  as  to  give  as  slight  a  manifestation  of  sensitiveness  as  we 
please,  a  sensitiveness  which  nevertheless  is  quite  distinctive. 

In  the  domain  of  application  we  require  : 

(1)  Tests  for  the  individual  who  has  once  sufiered  from  a  disease 
or  has  been  immunized  prophylactically  to  that  disease. 
(     740     ) 
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(2)  Tests  for  carriers  of  an  organism  capable  of  producing  diseaso 

in  others. 

(3)  Some    idea  of   the   dose   of   antigen  and  frequency  of  rc- 

inoculation  necessary  in  an  individual  who  has  once  been 

the  subject  of  prophylactic  immunization. 

Expressed  in  a  different  way  these  statements  amount  to  this  : — 

(1)  Is  it  possible  to    detect  by  test,  even  if  it  be  not  possible  to 

differentiate  between  them,  individuals  who  have  suffered 

from  a  disease,  who  have  been  inoculated  against  a  disease, 

or  who  are  carriers  of  the  organism  causing  a  disease  ?  Can 

we  say,  as  has  been  said  for  the  persistence  of  the  state 

of  carriers — "  Once    immunized  always    immmiized  "  ? 

Direct  serum  tests  are  applied  for  the  purpose,  but  have 

mostly  been  discarded,  as  they  fail,  or  are  supposed  to  fail, 

with  the  lapse  of  time.     But  is  it  possible  that  this  failure 

may  be  due  to  in.sufticient  appreciation  of  what  constitutes 

a  significant  though  slight  difference  from  the  normal  i 

In  other  words  have  the  serum  tests  used  been  carried  out 

with  sufficiently  low  dilutions  of  serum  ?     Again  it  is 

possible  that  if  an  immunized  individual  is  a  sensitized 

individual,  then  the  appUcation  of  a  minimal  stimulus  in 

the  shape  of  appropriate  antigen  would  produce  a  large  and 

differential  response. 

(2)  Is  it  necessary  for  protection  by  re-inoculation  of  vaccine 

to    use    on    the    subsequent    occasion  as   large    doses   of 

antigen  as  were  used  originally,     if  the  response  to  the 

re-inoculation  of  a  small  amoiuit  of  antigen  is  as  great  as 

the  original  response  it  would  seem  reasonable  to  suppose 

that  the  small  amount  was  all  that  was  required  for  the 

maintenance  of  immujiity. 

1  he  experiments  here  given  afford  some  data  in  answer  to  these 

questions.      The    trial    con.sisted    in    the    inoculation    of    5    pigeons 

intravenously   with   the   equivalent  in  suspension  of  1  mgm.  of  dried 

bacterial  typhoid  antigeii,  and  the  examination  of  the  serum  of  the 

pigeons  first  at  iDdays  intervals  and  then  at  30days  intervals  throughout 

a  period  of  12  months  for  agglutinin  titre.     At  the  end  of  the  12  months 

a  series  of  doses  of  antigen  ranging  from  the  original  dose  of  1  mgm.  down 

to  "01  mgm.  were  administered  intravenously  to  the  5  pigeons,  one  dose 

to  each,  and  their  serum  tested  at  intervals  of  3  days  for  the  appearance 
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of  agglutinins  and  for  agglutinin  titre.  As  controls  to  the  results 
obtained  there  were  used  for  similar  tests  5  pigeons  which  had  received 
no  antigen  at  all  and  5  pigeons  which,  not  having  previously  received 
any  antigen,  received  the  same  doses,  1  mgm.  to  '01  mgm.  as  the 
immunized  pigeons.  It  is  not  possible  to  give  all  the  tables  presenting 
the  degree  of  agglutination  of  serum  for  each  dilution  of  serum 
froml  in  4  up  to  1-8192,  although  this  was  the  series  of  dilutions 
tested  throughout.  The  dilutions  given  are  the  limiting  dilutions 
showing  the  maximum  in  which  any  agglutination  at  all  was 
macroscopically  evident,  for  the  different  intervals  of  trial.  In  addition 
the  complete  tables,  with  the  mode  of  recording  results  which  I  adopt 
(Harvey,  1920),  for  uninoculated  pigeons,  the  pigeons  originally 
inoculated  with  1  mgm.  of  antigen  and  then  with  varying  doses  after  12 
months,  and  the  pigeons  inoculated  only  with  the  same  varying  doses, 
are  given.  The  suspension  used  for  agglutination  test  was  one  of  living 
bacteria  in  suspension  diluted  so  as  to  give  the  equivalent  of  1  mgm. 
dried  bacterial  substance  per  c.  c. 

Table  I 

Shomng   maximum   dilutions    {in   the   body    of  the    table)    in    ivhich 
macroscopically  evident  agglutination  was  exhibited  by  the  serum  of 
■   pigeons  inoculated  with  1  mgm.  typhoid  bacterial  substance  at  intervals 
up  to  12  months  after  the  original  inoculation. 


No. 

Pigeon. 

of 

days 

after 

inocu- 

No. 1. 

No  2. 

No.  3. 

No.  4. 

No.  5. 

lation 

0 

8 

8 

4 

16 

4 

10 

1,024 

256 

2.048 

128 

256 

20 

256 

32 

32 

64 

128 

•  30 

,256 

16 

16 

32 

64 

60 

128 

32 

64 

256 

128 

90 

256 

8 

32 

32 

8 

120 

128 

16 

32 

32 

64 

150 

128 

16 

16 

32 

16 

180 

128 

8 

16 

16 

8 

210 

64 

8 

8 

4 

8 

240 

128 

8 

16 

32 

16 

270 

64 

4 

16 

16 

4 

30i.> 

32 

16 

64 

16 

•'8 

330 

64 

4 

16 

8 

'8 

360 

64 

8 

32 

32 

16 
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Skowiiuf  agghitinaliim  results  (i»  the  Inxlifof  the  table)  for  a  series  of  dilutions  of  serum  in 
control  pigeons  receiving  no  antigen  at  all,  in  lest  pigeons  360  dai/s  after  having 
received  an  intraienous  dose  of  1  mgni.  of  typhoid  antigen,  and  in  control  jngeons 
6  days  after  a  varying  dose  of  typhoid  antigen. 


Doae  in 
mgm. 

No.  of  days 
alter 
dosage  to 
test. 

Dilution  of  Skbum, 

Pigeons 
DMchption. 

4 

8 

16 

o/a 

32 

G4 

128 

256 

512 

1,024 

2.048 

OoDtiol  Pigeons 
aninoenUted. 

0 

0 

5432 
-5;- 

420 

0 

0 

320 
b. 

320 
b. 

o/a 

~ 

0 

0 

20 

"e: 

0/8 

0 

0 

532 

532 
¥7 

320 
b. 

o/a 

0 

0  ' 

320 
b. 

o/a 

Tart  Pigeons 

1 

360 
360 

eS4 

0. 

654 

c. 

654 
h. 

643 
b. 

5432 
b. 

o/a 

543 
b. 

5432 

o/a 

320 
b. 



1 

360 
360 

5 
V. 

543 

e. 

43 
bT 

543 

c. 

432 
-5: 

43 
b. 

o/a 
o/a' 

1 
1 

432 
b. 

32 
b 

JO 
a. 

360 

543 

o/a 

65 
c. 

ntiol  Pigaoni 
■  noenlated     .. 

1 

6 

65 

d. 

65 

"a: 

0. 

543 

320 

o/a 
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Pigeons 
Description. 

Dose  in 
mgm. 

No.  of  days 

after 

dosage  to 

test. 

Dilution  of  Sebum. 

4            8 

16 

32 

65 
d. 

64 

128 

256 

512 

1,024 

2,048 

Control   pigeons 
inoculated    . . 

0-5 

6 

65 
d. 

65 
d. 

65 
d. 

61 
c. 

c. 

5432 
b. 

.50 
b. 

oa 

01 

ti 

65 
d. 

d. 

65 
d. 

65 
d. 

654 
b. 

543 
b. 

4.3> 
b. 

o/a 

0-05 

6 

fi,5 
d. 

6.5 
d. 

c. 

543 
b. 

54.32 
b. 

a. 

o/a 

001 

6 

65 

65 
d. 

65 
d. 

51 
c. 

54 
b. 

5432 
b. 

540 
b. 

420 
a. 

o/a 

Table  III 
Showing  maximum  dilutions  {in  the  body  of  the  table)  in  which 
microscopirally  evident  agglutination  was  exhibited  3,  6,  9,  12,  15 
and  21  days  after  intravenous  inoculation'  with  varying  doses  of  typhoid 
antigen  in  pigeons  which  had  received  a  dose  of  1  mgm.  of  the  same 
typhoid  antigen  360  days  previously  and  in  pigeons  which  had 
received  no  such  previous  inoculation. 


Maximum 

aggluti- 

N 

o.  of  days  after  present  dosag 

e. 

Pigeons. 

dosage 
mgm. 

nation 
before 
present 

dosage. 

3 

6 

9 

12 

15 

21 

Having    received     1 

mgm.          typhoid 

antigen  360     days 

previously 

1 

64 

128 

256 

256 

256 

256 

25G 

0-5 

S 

256 

2,048 

256 

64 

32 

16 

01 

32 

128 

2,048 

1,024 

2,048 

1.024 

512 

0-05 

32 

512 

8,192 

1,024 

2,048 

128 

256 

O'Ol 

16 

64 

128 

128 

12S 

512 

64 

Having   received   no 

previous     inocula- 

tion 

1 

— 

64 

512 

128 

256 

128 

64 

O-o 

— 

32 

512 

64 

64 

32 

32 

0-1 

— 

16 

256 

512 

256 

256 

256 

0-05 

— 

32 

128 

32 

16 

16 

16 

0-01 

~ 

8 

512 

64 

32 

16 

1 
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DiscDssiox. 
The  points  which  were  to  be  elucidated  by  experiment  were  : — 

(1)  Whether  an  animal  once  ininmnized  remained   an  animal 

always   differentiated     from     one    which   had    not    been 
immunized  ? 

(2)  Whether  an  animal  once  innnnnized   was   more  responsive 

to  the  introduction  or  application  of  antigen  than  one 

which  had  not  been  so  immunized  ? 
With  the  help  of  some  latitude  in  terminology  the  expression 
immimized  animal  here  may  be  taken  to  cover  the  cases  of  the 
individual  or  animal  which  has  once  suffered  from  a  disease,  the 
individual  or  animal  which  has  been  once  prophylactically  inociJated, 
and  the  individual  or  animal  which  remains  an  active  carrier  after 
having  once  suffered  from  the  disease.  The  number  of  animals  used  in 
the  experiments  here  given  are  much  too  few  to  admit  of  any  categorical 
answer  to  the  questions.  Jloreover  the  only  trial  made  was  of  an 
intravenous  inoculation  of  the  minimal  doses  designed  to  elicit  a  large 
response.  Xevertheless  it  is  reasonable  to  suppose  that,  with  sufficient 
delicacy  of  the  test  applied,  cutaneous,  intracutaneous,  subcutaneous, 
intraperitoneal,  subdural,  or  other  mode  of  introduction  or  application 
of  antigen  might  be  productive  of  similar  effects.  The  practical 
applications  of  the  thesis  propounded  here  would  be  that  direct  evidence 
of  the  immunized  state  or,  as  the  case  may  be,  the  sensitized  state, 
should  be  found  in  all  cases  by  direct  investigation  of  serum  reactions 
or  by  investigation  of  these  reactions  after  introduction  or  application 
of  a  suitable  and  minimal  dose  of  antigen.  A  little  further  extension  of 
the  idea  contained  in  the  thesis  might  lead  us  to  suppose  that  quite  a 
minimal  dose  of  antigen  would  be  sufficient  to  immunize  an  individual 
after  he  had  once  been  immunized.  If  such  be  the  case  this  would 
have  far  reaching  effects  on  the  practice  of  prophylactic  vaccination. 
Instead  of  the  repetition  of  the  same  large  doses  of  prophylactic  vaccine 
periodically  all  that  would  be  required  after  the  first  immiuiizing 
inoculation  would  be  repetition  of  quite  minimal  doses,  with  saving  of 
quantities  manufactured  and  saving  of  impleasant  reaction. 

Conclusions. 
The  conclusions  given  are  to  be  differentiated  from  the  '  discussion  ' 
given   above   as    they    are    based   strictly    on     the    experimentation 
recorded . 
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1.  The  agglutination  effect  of  intravenous  inoculation  of  typhoid 
antigen  in  pigeons  shows  a  diminution  month  by  month  after  the 
inoculation.  The  drop  is  marked  between  the  10th  and  20th  day  and 
very  slow  thereafter.  The  condition  so  far  as  a  12  months  trial  goes, 
seems  to  reach  a  constant  low  level  wliich  is  however  higher  than  that 
of  the  uiiinoculated  animal. 

2.  The  introduction  intravenously  of  a  dose  of  antigen  1-lOth  to 
l-20th  smaller  than  the  original  dose  and  even  smaller  still,  calls  forth 
an  agglutinin  response  in  the  12  months  previously  inoculated  pigeons 
which  is  significantly  greater  than  that  elicited  in  miinoculated  pigeons 
receiving  the  same  doses. 
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I.    Introduction. 

It  is  customary  at  the  end  of  each  year  to  prepare  a  summary  of  the 
main  facts  and  figures  bearing  on  the  incidence  of  malaria  in  the  Punjab 
during  the  preceding  year.  Wlien  tlie  compilation  of  this  account*  for 
the  year  1920  was  taken  in  hand  it  at  once  became  apparent  that  some- 
thing unprecedented  during  modern  times  had  occurred  in  connexion 
with  the  mortality  returned  under  the  head  of  '  fevers." 

The  abnormal  nature  of  this  mortality  and  the  extent  to  which  it 
indicates  a  departure  from  normal  conditions  will  be  rendered  apparent 
by  a  scrutiny  of  Chart  I.  It  will  be  seen  that  the  monthly  incidence 
of  'fever'  mortality  in  'i9'20  is  characterised  by  three  abnormal 
features,  viz : — 

(1)  An  almost  complete    absence    of    the  usual    autumnal  rise 

in  '  fever  '  deaths. 

(2)  A  phenomenal  rise  in  the  '  fever  '  deaths  dtiring  May  and 

June. 

(3)  A  relative  rise,  as  compared  with  the  three  preceding  months, 

in  the  '  fever  '  mortality  in  the  month  of  December. 
It  is  not  proposed  to  consider  here  the  first  of  these  features 
since  a  study  of  the  malarial  circumstances  prevailing  dui-ing  the  year 
1920  has  conclusively  shown  that  the  absence  of  the  normal  rise  in 
autumnal  '  fever  '  mortality  was  due  to  the  mild  incidence  of  endemic 
malaria  and  the  entire  absence  of  epidemic  malaria  in  all  parts  of  the 
Province. 

The  remarkable  rise  in  the  '  fever  "  mortality  during  May  and  June, 
which,  it  will  be  shown,  is  a  rare  though  not  an  unique  feature  of  the 
'  fever  '  statistics  of  the  Punjab,  is  so  startling  as  to  require  explanation 
more  especiall}-  from  the  point  of  view  of  the  part  played  by  malaria  in 
its  causation. 


'Note  : — The  publication  of  these  annual  reports  was  discontinued  by  the  Punjab 
Governinent   in    1919. 
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The  relative  rise  in  the  'fever'  mortality  during  the  month  of 
December,  as  comi)are(l  with  the  three  previous  months,  is  also  a  rare 
occurrence  whose  significanee  is  at  present  unknown. 

In  these  circumstances  a  special  study  of  the  conditions  prevailing 
during  the  year  1920  was  at  once  undertaken  as  a  matter  of  scientific 
interest  and  practical  importance. 

This  report  is  concerned  with  the  result  of  this  investigation  which, 
though  preliminary  in  nature  and  restricted  in  scope,  appears  to 
have  established  the  fact  that  a  severe  and  widespread  epidemic  of 
relapsing  fever  occurred  in  the  Punjab  during  1920  which  occasioned  a 
mortality  of  not  less  than  ■2<>,000  and  a  morbidity  of  ])erhaps  ten  times 
this  figure. 

That  an  epidemic  of  this  magnitude  could  have  occurred  without 
attracting  attention — the  presence  of  the  disease  was  of  course 
well-known — appears  to  render  it  expedient  that  all  the  facts  so  far 
ascertained  should  be  placed  on  record  without  further  delay. 

II.  Prelisonary  Considerations. 

It  is  widely  a.ssumed  that  Indian  vital  statistics  are  of  little  or  no 
value  for  scientific  purposes  on  account  of  the  nature  of  the  agency 
employed  in  their  compilation.  It  is  contended— with  absolute 
truth — that  no  reliance  can  be  placed  on  the  accuracy  of  figures  submit- 
ted by  ignorant  and  often  apathetic  village  watchmen,  and  it  is  held, 
with  equal  accuracy,  that  since  the  diagnosis  of  the  cause  of  death  is 
dependent  upon  the  opinion  of  relatives  or  friends  of  the  decea.sed  or 
upon  the  whims  of  illiterate  petty  officials,  the  study  of  Indian  diseases 
with  the  aid  of  mortality  statistics  is  not  only  useless  but  it  is 
actually  calculated  to  give  rise  to  erroneous  conclusions. 

Whilst  admitting  that  these  statistics  contain  many  grave  inaccura- 
cies and  that  little  or  no  reliance  can  be  placed  on  the  diagnostic  powers 
of  village  chowkidars,  it  is  necessary  to  combat  the  view  that  these 
defects,  who.se  importance  it  is  not  desired  to  minimise,  necessarily 
render  the  figures  of  no  value  ir  connexion  with  epidemiological 
investigations. 

It  is  the  more  necessary  to  enter  a  protest  against  these  facile 
criticisms  of  Indian  vital  statistics  since  there  is  reason  to  believe  that 
they  are  responsible,  more  tlian  any  other  circumstance,  for  the  relative 
neglect,  more  esjjeciallv  in  ri-ccnt  vears,  of  epidemiological  research  in 
India. 
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Moreover,  it  necessarily  follows,  if  these  criticisms  be  well-founded, 
that  since  many  generations  must  elapse  before  it  will  be  possible  to 
provide  in  each  village  or  registration  ciiclc  a  competent  agency  for 
the  collection  of  vital  statistics,  all  efforts  to  elucidate  the  problems 
presented  by  Indian  diseases,  which  involve  the  use  of  mortality 
figures,  must  be  indefinitely  postponed. 

In  these  circumstances  it  is  expedient  to  consider  the  subject  in  some 
detail  with  the  object  of  showing  that  not  only  is  this  non  possumiis 
attitude  towards  Indian  vital  statistics  not  justified  in  the  case  of  the 
study  of  epidemic  diseases  in  the  Punjab,  but  also  of  demonstrating  that 
it  is  possible  with  the  aid  of  admittedly  imperfect  figures  to  throw 
considerable  light  on  the  epidemiology  of  many  diseases  encounters?  in 
this  Province. 

There  is  reason  to  believe  that  although  the  total  mortality  figures 
recorded  each  year  in  the  Punjab  are  not  absolutely  accurate,  the  error 
in  defect  more  especially  during  the  past  twenty  years,  is  not  of  sufficient 
magnitude  to  militate  against  their  employment  in  epidemiological 
investigatioris.  The  Census  Commissioner  thus  found  in  1911  that  the 
estimated  population,  asdeternuned  by  addingthe  births  and  subtracting 
the  deaths  and  allowing  for  the  result  of  immigration  and  emigration 
during  the  previous  decennium,  corresponded  closely  with  the  actual 
population  enumerated  in  that  year.  But  the  same  degree  of  accuracy 
has  not  been  attained  throughout  the  past  54  years  and  it  thus  comes 
about  that  it  is  not  possible  to  institute  comparisons  between  the 
mortality  rates  duringthe  early  years  of  the  registratior  of  vital  statistics 
and  those  now  prevailing  or  to  calculate  the  mean  rates  of  mortality 
exhibited  by  different  disease?  over  long  periods. 

But  in  spite  of  the  varying  and  at  one  time  great  inaccuracy  of  the 
mortality  figures  it  is  still  possible  to  trace  the  effect  of  epidemic  diseases 
on  mortality  since  the  fluchuUions  in  the  latter  will  suffice  to  indicate 
their  relative  severity.  It  is  thus  concluded,  in  view  of  the  great  fluctua- 
tions in  mortality  occasioned  by  epidemic  diseases,  that  existing 
inaccuracies  in  the  mortality  figures  are  not  of  sufficient  importance  to 
detract  materially  from  their  value  for  epidemiological  purposes.  It  is 
even  held  that  the  older  and  less  complete  statistics  are  not  altogether 
useless  for  this  purpose. 

But  this  view  of  the  value  of  the  mortality  figures  cannot  unfortu- 
nately be  adopted  in  the  case  of  the  classification  of  the  cause  of  death 
which,  as  already  stated,  is  of  the  crudest  description.     In  the  Punjab 
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the  cause  of  death,  as  recorded  in  the  (ioath  registers,  is  roughly 
classified  for  ot&cial  purposes  under  one  of  the  following  heads  : — 
'Cholera,'  'small-pox,'  'plague,'  'fevers,'  respiratory  diseases,' 
'  dysentery  and  diarrhoja,'  '  injuries  '    and  '  all  otlier  causes.' 

An  examination  of  the  mortality  statistics  over  a  long  series  of 
years,  and  more  especially  of  the  mortality  caused  by  epidemic  disease 
during  the  past  20  years,  shows  that,  although  cholera,  small-pox  and 
plague,  which  in  typical  form  are  well-known  to  and  readily  recognised  by 
village  watchmen,  are  in  the  main  correctly  recorded  an  epidemic  of  any 
of  these  diseases  is  almost  invariably  accompanied  by  a  rise  in  mortality 
returned  under  other  heads.  Thus  deaths  from  septicemic  plague  are 
usually  shown  as  being  due  to  "  fever,'  pneumonic  plague  is  classified 
either  under  the  head  of  '  fevers  '  or  of  '  respiratory  diseases,'  an 
epidemic  of  cholera  aflects  the  mortality  recorded  under  the  head  of 
'dysentery  and  diarrhoea  'and,  most  marked  of  all,  an^ epidemic  of 
malaria  is  invariably  accompanied  by  a  great  rise  iu  mortality  recorded 
under  this  last  head  ('  dysentery  and  diarrhoea). 

But  by  the  use  of  appropriate  methods  it  is  possible,  as  will  subse- 
quently be  shown  in  the  case  of  relapsing  fever,  to  allocate  under  their 
proper  heads  much  of  this  mis-classified  mortality  and  thus  to 
determine,  so  far  as  epidemic  diseases  are  concerned,  the  approximate 
mortality  occasioned  by  them. 

The  main  difhculty  arises  in  connexion  with  the  mortality  from 
diseases  classified  under  the  head  of  '  fevers,'  which,  as  is  well-known,  is 
an  extremely  comprehensive  term,  embracing  all  affections  in  which 
febrile  symptoms  form  a  conspicuous  feature.  Amongst  epidemic 
diseases  almost  exclusively  classified  under  this  head  in  the  Punjab  are 
malaria,  influenza,  typhus,  relapsing  fever  and  enteric  fever.  In  addition 
to  these  diseases  the  '  fever  '  mortality  includes  the  deaths  due  to  many 
other  causes  which  do  not  readily  lend  themselves  to  classification  under 
any  other  head.  It  is  not  at  present  possible  and  no  attempt  will  be  made 
to  throw  light  on  the  true  nature  of  the  congeries  of  disease  embraced  in 
this  portion  of  the  '  fever  '  mortality,  which,  however,  being  relatively 
constant  at  all  times,  does  not  occasion  any  appreciable  fluctuation  iu 
the  monthly  incidence  of  mortality. 

But  in  the  case  of  epidemic  diseases  (attended  i>y  mortality)  their 
incidence,  relative  severity  and  seasonal  periodicity  will  be  exhibited 
by  an  abnormal  rise  in  the  monthly  incidence  of  mortality.  'I'hus  in  the 
Punjab,  cholera  is  well  known  to  be  a  hot  weather  disease  wliich  attains 
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its  maximum  usually  in  the  months  of  July  or  August.  Small-pox  is 
usually  most  fatal  in  the  months  of  May  and  June,  bubonic  plague  in 
March  and  April,  malaria  in  October  and  November  and  'respiratory 
diseases'  (mainly  pneumonia)  in  December  and  January.  Influenza  is 
characterized  by  a  spring  and  autumnal  periodicity  which  is  also  the  main 
season  of  mortality  recorded  imder  the  head  of  'dysentery  and 
diarrhoea.'  Relapsing  fever,  whose  epidemiology  will  be  more  fully  dealt 
with  later,  is  a  spring  disease  which  in  the  Punjab  is  more  especially 
associated  with  enhanced  mortality  in  the  months  of  May  and  June. 
Finally  pneumonic  plague  and  typhus  are  cold  weather  diseases,  %vhilst 
enteric  fever,  which  80  far  as  is  at  present  known  is  not  a  serious  cause 
of  mortality,  is  mainly  encountered  in  the  autumn. 

The  siJecific  nature  of  any  ^jrevailing  epidemic  disease  can  usually 
be  readily  ascertained  by  field  observations  and  laboratory  investigation, 
and  it  thus  cpmes  about  that,  by  the  use  of  appropriate  methods  such  as 
those  which  will  shortly  be  detailed  in  the  case  of  relapsing  fever, 
it  is  usually  possible  to  study  its  incidence  and  severity  and  to  throw 
considerable  light  on  its  epidemiology  in  spite  of  difficulties  occasioned 
by  the  imreliable  nature  of  the  vital  statistics.  It  is,  however,  necessary 
to  recognise  that  only  the  gross  effects  of  mortality-producing  epidemic 
diseases  can  be  studied  by  methods  designed  on  the  above  lines  and 
it  is  also  clear  that  these  methods  will  be  inapplicable  in  the  event  of 
two  or  more  diseases  prevailing  in  epidemic  form  concurrently. 

It  must  also  be  emphasised  that  the  precise  nature  of  the  epidemio- 
logical methods  that  it  may  be  necessary  to  employ,  as  well  as  the  inter- 
pretation to  be  placed  on  the  facts  thereby  elicited,  can  only  be  properly 
undertaken  in  the  light  of  an  intimate  knowledge — in  the  widest  sense  of 
the  term — of  local  circumstances  and  conditions.  It  is,  moreover, 
necessary  to  recollect  that  the  mortality  statistics  should  be  treated 
fairly  and  that  no  attempt  should  be  made  to  reach  detailed 
conclusions — which  their  crude  nature  does  not  justify — in  sole  reliance 
on  these  figures. 

Finally,  it  is  necessary  to  mention  one  other  point  which  requires  to 
be  taken  into  account  in  attempting  to  appraise,  as  the  result  of  a 
consideration  of  vital  statistics,  the  general  state  of  the  public  health 
and  relative  incidence  of  individual  diseases  in  the  Piuijab. 

Owing  to  the  fact  that  this  Province  is  peculiarly  liable  to  visitations 
of  epidemic  disease,  which,  by  reason  of  their  frequency,  severity  and 
variety,  cause  it  to  be  equalled  by  few  and  probably  surpassed  by  no 
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other  country  of  equal  size  in  the  world,  it  is  not  possible, by  means  of  the 
methods  ordinarily  utilised  for  this  purpose,  to  obtain  comparable  data 
with  which  to  estimate  the  general  state  of  the  public  health  and  the 
relative  incidence  of  individual  diseases. 

Thus  the  great  epidemic  of  inHuenza  in  1918  so  markedly  affects  the 
total  death-rate  and  the  '  fever  '  death-rate  of  any  quinquennium  in 
which  the  year  1918  is  included  as  to  render  any  comparison  between  the 
mean  of  this  period  and  subsequent  individual  years  fallacious  if  not 
actually  misleading. 

Similar  remarks  apply  in  the  case  of  '  means  '  of  periods  comprising 
years  in  which  other  epidemic  diseases  prevailed,  and  it  thus  comes 
about  that '  crude  '  mean  figures,  in  so  far  as  they  are  utilised  for  the 
purpose  of  affording  information  in  regard  to  the  state  of  the  public 
health,  are  often  ineatiingless . 

Similar  but  even  greater  fallacies  arise  in  connexion  with  the 
mortality  caused  by  individual  epidemic  diseases,  for,  owing  to  defective 
methods  of  registration,  it  is  usual  for  the  latter  to  give  rise,  not  only  to 
the  seasonal  increase  of  mortality  characteristic  of  the  specific  disease, 
but  also  to  occasion  an  enhanced  mortality  attributed  to  other  diseases. 
Thus  an  epidemic  of  malaria  is  invariably  associated  with  a  great  relative 
increase  in  mortality  recorded  mider  the  head  of  '  dysejitery  and 
diarrhoea,'  which  circumstance  not  only  caases  the  '  crude  '  mean 
of  these  diseases  to  be  unduly  enhanced,  but — and  this  is  of  even 
more  importance — it  obscures  the  'true'  seasonal  incidence  of  these 
diseases. 

Similar  difficulties  arise  in  connexion  with  other  epidemic  diseases, 
one  of  which  will  be  mentioned  later  in  referejice  to  the  iiiflueuce 
of  relapsing  fever  in  obscuring  the  '  true  '  seasonal  incidence  of 
'  respiratory  diseases.' 

It  is  not  proposed  to  deal  further  with  lliis  subject  here  more 
especially  as  it  is  intended  to  prepare  a  detailed  account  of  the  methods 
by  ^which  it  is  thought  many  of  the  above  dilliculties  iji  connexion 
with  the  interpretation  of  the  vital  statistics  of  the  I'unjab  may,  at  any 
rate  in  part,  be  overcome. 

But  in  spite  of  these  limitations  it  is  held  that  the  vital  statistics  of 
the  PuJijab,  if  rightly  coiisidered  ajid  if  properly  utilised,  are  capable  of 
throwi/ig  considerablf  light  on  tin-  incidejice  of  the  majiy  epidemic 
diseases  which  form  to  prominent  a  featiue  in  tlie  pathology  of  the 
Province. 
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It  is  thought  that  the  epidemiological  study  of  relapsing  fever  which 
forms  the  subject  of  this  report  aptly  illustrates  the  nature  of  the  methods 
by  means  of  which  useful  and  perhaps  valuable  information  can  be 
extracted  from  statistics  which  at  first  sight  might  appear  to  be  so  inac- 
curate as  to  render  them  wholly  useless  for  any  scientific  purpose. 

III.  The  Epidemiulogical  Criteria  of  Relapsing  Fever. 

Prior  to  192u  relapsing  fever  is  not  known  to  have  prevailed  in 
epidemic  form  in  the  Punjab  for  many  years  and  no  great  epidemic  of  this 
disease  appears  to  have  been  described  in  India  since  1877  when  Vandyke 
Carter(')  carried  out  his  classical  observations  on  Spirilhmi  Fever  at 
Bombay. 

From  the  clinical  and  epidemiological  standpoint  the  disease  is 
therefore  less  well  known  than  formerly  and  it  is  thus  not  inexpedient  to 
recall  some  or  the  characteristic  features  of  the  Indian  form  of  relapsing 
fever  as  described  by  Vandyke  Carter. 

From  the  epidemiological  standpoint  relapsing  fever  differs  marked- 
ly from  most  epidemic  diseases  by  reason  of  its  insidious  onset,  its  slow 
progress  and  its  gradual  decline.  It  also  exhibits  a  clearly  defijied 
seasonal  periodicity.  Thus  in  Bombay  it  was  most  prevalent  during  the 
months  of  March,  April,  May  and  June.  Cragg,(2),  a,s  the  result  of  some 
recent  observations,  concludes  that  epidemics  of  relapsing  fever  mainly 
occur  in  the  United  Provinces  during  the  months  of  March,  April  aad 
May.  In  the  Pimjab,  it  will  be  shown,  both  the  accormts  of  old  epidemics 
and  the  result  of  recent  observations  suggest  a  well-marked  spring 
periodicity. 

Other  epidemiological  points  it  is  necessary  to  mention  are  the 
frequent  association  of  famines  with  epidemics  of  relapsing  fever  and  the 
peculiar  liability  of  prisoners  in  jails  to  contract  the  disease. 

Finally  it  is  necessary  to  mention — although  Vandyke  Carter 
specially  notes  its  absence  at  Bombay- — there  is  a  marked  association 
between  epidemics  of  typhus  and  relapsing  fever  although  the  former 
disease  in  the  tropics  and  sub-tropics  is  essentially  confined  to  localities 
exhibiting  relatively  cold  climatic  conditions.  In  such  areas  it  is  mainly 
a  winter  disease.  Typhus  fever  therefore  exhibits  the  same  cyclica 
periodicity  as  relapsing  fever  but  a  different  seasonal  periodicity  and  a 
more  restricted  geographical  distribution. 

From  the  clinical  aspect  relapsing  fever  also  presents  some  imusual 
features,  since  it  is  not  attended  by  any  of    the  dramatic  symptoms 


C.  A.  Gill  755 

characteristic  of  cholera  or  plague  nor  indeed  by  any  clinical  signs  which 
would  cause  its  nature  to  be  readily  recognised.  It  is  not  proposed 
to  detail  the  typical  clinical  picture  presented  by  the  disease,  but 
it  is  necessary,  for  reasons  which  will  shortly  become  apparent,  to 
refer  to  a  few  points  of  diagnostic  importance  and  epidemiological 
interest.  It  is  in  the  first  place  desirable  to  emphasise  the  fact  that  the 
relapsing  nature  of  the  disease  may  never  become  apparent  since 
Vandyke  Carter  fomid  that  death  takes  place  in  over  50  per  cent  of  fatal 
cases  about  the  7th  day  either  before  or  immediately  after  the  first 
crisis. 

Bronchitis  is  almost  an  in\ariable  symptom  and  pneumonia,  which 
Vandyke  Carter  states  is  very  apt  to  be  overlooked,  occurs  in  about  one- 
third  of  all  fatal  cases.  It  is  of  particular  importance  to  note  that 
pneumonia,  when  secondary  to  relapsing  fever,  exhibits  the  seasonal 
periodicity  of  relapsing  fever  (March —  June)  and  not  the  seasonal 
periodicity  of  true  lobar  pneumonia.  The  writer  has  had  occasion  to 
note  this  fact  in  the  Punjab,  where  outbreaks,  ascribed  to  '  epidemic 
pneunionia '  and  '  pleuro-pneumonia  '  during  the  months  of  April 
and  May,  have  been  found  by  blood  examinations  to  be  due  to 
relapsing  fever. 

Jaundice  is  by  no  means  an  invariable  sign  being  present  in  only  21 
per  cent  of  all  cases  seen  by  Vandyke  Carter  during  the  years  1877 — 
1879. 

Finally,  although  relapsing  fever  is  usually  accompanied  by  well- 
marked  constipation,  a  persistent  diarrhoea  is  common  in  fatal  cases 
towards  their  termination. 

These  clinical  points  suffice  to  suggest  the  liability  of  the  disease,  in 
the  absence  of  blood  examinations,  to  be  mistaken  for  such  febrile  diseases 
as  malaria,  influenza,  enteric  fever,  typhus  and  pneumonia.  There  is 
reason  to  believe  that  the  disease  has  recently  been  diagnosed  as  one  or 
other  of  these  diseases.     It  has  even  been  reported  as  yellow  fever. 

But  the  main  reason  for  referring  to  this  subject  here  is  the  fact  that 
it  exercises  a  direct  bearing  on  the  nature  of  the  methods  by  which  the 
true  mortality  occasioned  by  relapsing  fever  may  be  measured. 

It  is  clear  that  if  the  true  nature  of  the  disease  has  been  but  rarely 
recognised  by  medical  officers  its  occurrence  amongst  the  general 
population  would  remain  imdetected.  The  vast  majority  of  deaths 
from  this  disease  would  undoubtedly  be  recorded  as  due  to  '  fever,'  a 
nmali  proportion  would  be  regarded  as  pneumonia  and  thus  be  classified 
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under  the  head  of  '  respiratory  diseases,'  whilst  a  few  might  be  regarded 
as  enteric  fever  and  be  recorded  iiuder  the  head  of  '  dysentery  and 
diarrhoea.' 

These  facts  afford  material  assistance  in  drawing  up  the  '  epidemio- 
logical criteria  '  by  means  of  which  the  incidence  and  severity  of  an 
epidemic  of  relapsing  fever  in  the  Punjab  may  be  gauged. 

In  view  of  the  seasonal  prevalence  of  the  disease  in  the  spring  and 
more  especially  of  the  enhanced  mortality  which  it  occasions  in  the 
months  of  May  and  June,  it  is  permissible  to  assume  that,  in  the  absence 
of  any  other  epidemic  disease  and  in  the  known  presence  of  relapsing 
fever  (as  determined  by  blood  examinations),  any  abnormal  rise  in 
'  fever  '  mortality  during  the  months  of  May  and  June  is  in  the  main 
the  result  of  relapsing  fever. 

To  obtain  an  index  figure  representative  of  the  relative  severity  of 
the  disease  the  percentage  increase  in  the  '  fever  '  mortality  in  May  and 
June  over  that  recorded  in  March  and  April  has  been  calculated.  It  is 
found  that  in  normal  years  this  figure,  which  will  be  termed  '  the  jever 
index  of  relapsing  fever  '  varies  between  5  and  10,  whilst  in  years  when 
relapsing  fever  is  known  to  prevail  in  epidemic  form  it  may  be  as  high  as 
80  or  more. 

It  has  been  decided  to  adopt  this  method  of  determining  an  index  for 
various  reasons  although  it  is  recognised  that  the  disease  also  gives  rise 
to  mortality  in  March  and  April  as  well  as  in  other  months.  In  the  first 
place  other  epidemic  diseases,  with  the  exception  of  small-pox,  are 
rarely  encoimtered  in  the  months  of  May  and  June,  the  latter  month  more 
especially  being  a  healthy  month  in  the  Punjab.  It  is  true  that  the 
enhanced  mortality  due  to  such  epidemic  diseases  as  plague  and  influenza, 
which  reach  their  maxima  as  spring  epidemics  in  March  and  April,  not 
infrequently  affect  the  '  fever  '  mortality  in  May  and  possibly  in  June, 
but  they  are  always  relatively  less  prevalent  in  the  two  latter  months. 
Thus  an  enhanced  '  fever  '  mortality  in  May  and  June  due  to  either  of 
these  epidemic  diseases  woidd  occasion  a  low  rather  than  a  high 
'  fever  '  index  of  relapsing  fever.  Sources  of  error  of  this  nature  are 
therefore  to  a  large  extent  eliminated.  Other  advantages  attaching 
to  this  method  of  calculating  an  index  of  relapsing  fever  are  the 
fact  that  it  enables  coni])arable  indices  to  be  calculated  for  the 
Province  as  a  whole,  lor  its  component  districts  and  even  for 
registration  circles.  Finally  it  is  pos,sibIe  to  calculate  the  annual 
index    figure   for    a    long    series  of    years     in    spite    of   changes    in 
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population  and  variations  in  the  degree  of  efficiency  of  tlie  registration 
of  mortality. 

A  similar  index  can  be  calculated  on  identical  principles  m  the  case  of 
deaths  classified  under  the  head  of "  respiratory  diseases.'  This  index  it 
is  proposed  to  ternj  the  '  respiratorif  imlcs  of  reldpsinr/  fever.'  It  is 
indicative  of  and  dependent  upon  the  fact  that  an  enhancid  mortality 
from  pneumonia  during  May  aud  June  is  for  the  most  part  attrihutable  to 
relapsing  fever. 

It  is  found  that  under  normal  coudition.s  the  mortality  from 
respiratory  diseases  during  March  and  April  exceeds  that  recorded  in 
May  and  June  by  about  10  per  cent.  In  other  words,  in  the  absence  of 
relapsing  fever,  the  respiratory  index  is  approximately — 10.  la  the 
presence  of  an  epidemic  of  relapsing  fever  the  position  is  reversed, 
the  deaths  recorded  under  the  head  of  "  respiratory  diseases  "  in  May 
and  June  exceed  tho.se  reported  in  March  and  -Vpril  and  the  respiratory 
index,  instead  of  being  a  minus  quantity,  becomes  a  jiliin  quantity. 

An  ■  intestinal  index  of  relapsing  fever  '  can  be  calculated  on  similar 
lines,  but  the  figures  for  the  diseases  classified  under  the  head  of 
mortality  due  to  "dysentery  and  diarrhoea"  being  relatively  small,  it 
has  not  been  considered  expedient  to  determine  this  index. 

To  sum  up  it  is  concluded  that  the  epidemiological  criteria  of 
relapsing  fever,  the  combined  presence  of  which  is  essential  to  establish 
the  occurrence  of  the  disease  in  epidemic  foim  in  the  Punjab,  are 
as  follows  : — 

(1)  The  absence  of  any  other  epidemic  disease  in  the  spring  and  the 

presence  of  a  febrile  disease  which  on  investigation  in 
selected  localities  can  be  shown  on  clinical  and  on  micros- 
copical grounds  to  be  relapsing  fever. 

(2)  A  'fever'  index  of   relapsing    fever  nuukedly  in  excess  of 

normal. 

(3)  A    respiratory    index   of    relapsing  fever    exhibiting  a   plus 

instead  of  a   minus  quantity. 

IV.  The  Present  EpibE.Mic,  1918— l'J20. 

It  is  now  proposed  to  examine,  in  the  light  of  the  epidemiological 
criteria  of  relapsing  fever,  the  abnormal  features  presented  by  the 
'  fever  '  mortality  during  the  year  1920. 

The  occurrence  of  sporadic  oiitbreaks  of  relapsing  fever  in  the 
Punjab  during  the  years  1918,  1919  aud  1920  is  a  well-established  fact. 
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The  Pimjab  Sauitary  Report  for  the  year  1918  thus  states  that  relapsing 
fever  prevailed  in  a  severe  form  in  Gurgaon  district  in  the  extreme 
south-east  of  the  Province  and  that  the  disease  was  apparently  spread- 
ing in  the  neighbouring  district  of  Karnal. 

In  March  1919  an  outbreak  of  disease  regarded  as  influenza  was 
reported  to  have  occurred  in  some  villages  in  Karnal  district,  but  the 
disease  was  subsequently  proved  on  clinical  and  microscopical  grounds 
to  be  relapsing  fever.  These  outbreaks  are  stated  to  have  caused  1,232 
cases  and  359  deaths  (case  mortality  29-1  per  cent)  during  the  year. 
Relapsing  fever  was  also  reported  to  have  prevailed  in  the  adjacent 
districts  of  Rohtak,  Ambala  and  Simla  during  1919.  It  is  also  stated 
that  29  cases  of  typhus  fever  occurred  in  Gurdaspur  district  and  three 
cases  of  the  same  disease  in  Simla. 

In  the  year  192u  relapsing  fever  was  reported  to  have  prevailed  in 
numerous  districts.  Outbreaks  occurred  in.  Hissar  district  from  May  to 
July,  in  Ambala  district  during  May,  in  Simla  district  from  August  to 
December,  in  Amritsar  district  during  December  and  in  Attock  district 
from  March  to  June. 

From  these  facts,  which  are  quoted  from  the  Pimjab  Sanitary  Report 
for  1920  (where  a  special  prominence  is  accorded  to  the  disease  both  from 
the  epidemiological  and  administrative  aspect)  the  presence  of  the 
disease  and  its  unusual  prevalence,  more  especially  in  the  east  and 
south-east  of  the  Province,  may  be  regarded  as  clearly  and  definitely 
established. 

It  is  also  clear  that,  so  tar  as  the  plains  are  concerned,  it  exhibited  the 
seasonal  periodicity  characteristic  of  the  disease.  It  now  remains  to 
establish  the  absence  of  any  other  epidemic  disease,  more  especially 
during  the  months  of  May  and  June,  when  the  '  fever  '  mortality  was 
exceptionally  high.     ( Vide  Chart  I.) 

That  malaria  was  not  responsible  for  the  enhanced  '  fever  '  mortality 
which  occurred  during  the  spring  and  early  summer  of  1920  is  clearly 
proved  as  the  result  of  a  consideration  of  the  epidemiological  criteria  of 
this  disease.  It  will  not  be  necessary  to  detail  these  here  and  it  will 
suffice  to  mention  two  delicate  tests  by  means  of  which  an  abnormal 
mortality  due  to  malaria  can  at  once  be  detected- 
It  has  been  found  that  an  unusual  j)revaleuce  of  malaria  is  invariably 
followed  by  a  rise  in  the  spleen-rate  of  the  affected  area.  If  the 
enhanced  mortality  during  the  spring  of  1920  had  been  occasioned  by  an 
epidemic  of  malaria  the  spleen  rate  in  June  1920  should  therefore  show  a 
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distinct  increase  as  compared  with  the  previous  November.  A  scrutiny 
of  the  figures  obtained  as  the  result  of  the  Provincial  Spleen  Census  in 
November  1919  and  June  1920,  respectively.,  shows  that  the  spleen-rate 
of  school-children  throughout  all  districts  underwent  a  uniform  decline 
during  the  above  period  and  that  the  provincial  spleen-rate  in  June  192(» 
was  lower  than  it  has  ever  previously  been  since  the  spleen  census 
was  first  taken  in  1913.  The  second  test,  the  negative  nature  of  which 
proves  the  absence  of  an  unusual  prevalence  of  malaria  in  the  spring 
of  192li,  is  connected  with  the  seasonal  incidence  and  severity  of 
infintile  mortality.  It  has  been  found  that  the  mortalit}  of  children 
mider  one  year  of  age  is  immediately  and  greatly  increased  as  the 
result  of  an  epidemic  of  malaria.  During  1920  the  monthly  mcidence 
of  infantile  mortality  was  either  normal  or  sub-iioimal  throughout 
the  year. 

Plague  was  also  extremely  mild  throughout  the  year  1920  and  it  was, 
infact.entirely  absent  from  many  districts  in  which  the'  fever  'mortality 
in  May  and  Jime  was  conspicuously  high. 

Influenza  was  present  in  a  few  areas  in  the  plains  of  the  Pmijab 
during  the  winter  and  early  spring  of  1920,  but  there  is  little  or  no  evidence 
that  influenza  was  a  cause  of  appreciable  mortality  during  the  hot 
period  in  Ma\  and  June. 

Certain  outbreaks  of  disease  regarded  as  influenza  were  reported  to 
have  occurred  concurrently  with  an  epidemic  of  relapsing  fever  in 
the  districts  of  Karnal,  .\mbala  and  Hissar,  but  since  in  the  case  of 
the  first-named  district  the  epidemic  was  subsequently  proved  to  be 
solely  due  to  relapsing  fever,  it  is  probable  other  outbreaks  attributed 
to  influenza  during  May  and  June  were  in  reality  caused  by  relapsing 
fever. 

It  would  therefore  appear  to  be  a  justifiable  conclusion  that  the 
'  fever  '  epidemic  which  prevailed  in  the  Punjab  during  the  spring 
of  1920,  and  more  especially  the  abnormal  mortality  in  May  and 
June,  was  mainly  if  not  entirely  caused  by  relapsing  fever.  In  these 
circumstances  it  becomes  permissible  to  employ  the  epidemiological 
criteria  of  relapsing  fever  in  order  to  throw  light  on  the  incidence  and 
severity  of  the  disease  in  the  Province  as  a  whole  and  in  its  component 
districts. 

The  provincial  '  fever  '  index  of  relapsing  fever  was  44-2,  a  figure 
which,  aa  may  be  seen  by  a  reference  to  Appendix  A,  has  only  been 
exceeded  four  times  during  the  past  51  years.    The  provincial  respiratory 
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index  is  also  extremely  high,  being  +21'8.  These  figures  therefore 
suggest  that  a  severe  and  widespread  opidomic  of  relapsing  fever  occurred 
in  the  Punjab  during  the  spring  of  1920. 

Further  light  can  be  thrown  on  its  geographical  distribution  and  on 
its  relative  severity  in  diiTcrent  parts  of  the  Province  by  means  of  calcula- 
ting the  '  fever  '  and  respiratory  indices  of  each  district.  The  result  of 
making  these  calculations  is  shown  in  .\ppendix  B,  but  the  facts  contained 
therein  can  be  more  readily  appreciated  from  a  scrutiny  of  Table  I  in 
which  the  districts  are  arranged  in  accordance  with  the  height  of  their 
'  fever  '  indices  during  ]92(i  and  the  three  preceding  years. 

It  will  be  seen  that,  assuming  a '  fever  '  index  of  20  or  over  connotes 
an  epidemic  of  relapsing  fever,  4  districts  were  involved  in  1917 
13  inl918,15inl919andl8in  1920. 

The  area  involved  in  each  of  these  years  is  shown  in  Maps  I — IV, 
from  which  it  will  be  seen  that  the  epidemic  appeared  first  in  the 
extreme  south-east  of  the  Province  (the  districts  of  Gurgaon  and  Hissar) 
and  in  two  central  districts  (Lyallpur  and  Shahpur)  in  1917.  In  the 
following  year,  most  of  the  eastern  districts  of  the  Province  lying  to 
the  south  of  the  Jhelum  river  became  involved  in  the  epidemic  area. 
The  year  1919  showed  no  marked  change  except  that  one  district 
to  the  west  of  the  Indus  river  was  infected.  In  1920,  most  of  the 
southern  and  central  districts  were  included  within  the  epidemic 
area,  in  striking  contrast  with  which  was  the  continued  freedom 
from  infection  of  the  districts  in  the  north  and  north-west  of  the 
Province. 

The  mortality  occasioned  by  the  epidemic  in  1920  may  be  roughly 
gauged  by  calculating  the  excess  in  '  fever  '  mortality  in  May  and 
June  over  the  mean  mortality  during  these  months. 

The  '  crude  '  mean  '  fever  '  mortality  for  these  two  months  during 
the  period  1901 — 1917  is  60,509  which  gives  an  excess  in  'fever' 
mortality  in  the  corresponding  period  in  1920  of  22,606. 

But  the  '  crude  '  mean  during  the  above  period  is  much  in  excess  of 
the  '  true  '  mean  owing  to  the  inclusion  amongst  the  '  fever  '  mortality 
figures  of  a  large  number  of  deaths  from  plague.  If  years  in  which  great 
epidemics  of  plague  be  excluded  it  is  found  that,  imder  present  conditions 
of  population,  that  the  '  true  '*  mean  '  fever  '  mortality  during  May  and 
Jime  is  approximately  50,000. 

*  The  word  '  true  '  is  used  in  a  strictly  limited  sense. 
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To  show  the  '  jever  "  indices  of  nltijisiiuj  Jcver  in  the  dislricls  of  the 
Punjab  duriwj  the  i/eais  1017,   1018,   HMO  n)id  KfJO. 
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I'.HT 
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.\,l. 
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I^horo 
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•        .Vi7. 

Ciun;a<>ii 

|{..litak 

Itnhtak 

HuMliinr|>iit 

Kanial 

AmiIhiIh 

LiKJIiiaiin 

Ainritsnr 

(Uinlaspur 

Relwren  40— CO 

Xit. 

Kariial 

LaIioio 

Kamal 

niinlaapnr 

Amritsar 

Kangrn 

Uallpi.r 

Lvnllpiir 

Lvallpiir 

Sialki.t 

Sialkr.t 

Sialkot 

Hissar 

His8ar 

.lulhindiir 

Shpikhtipura 

Gujranwala 

Muzaffargarh 

Botwwn  20 — 10 

Hia^ar 

Kanirra 

Gurpaon 

Hoaliiarjmr 

(inrcaon 

Anilmla 

Ambala 

I'Vruzrpiir 

Lvall|iiir 

Jjihfirc 

Kangra 
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Shahpur 

Aniritsar 

Hissar 

Fcrozepur 
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Ciunlas|>ii|- 
Sliahpur 
l)era  Gliazi 
Khan 

Under  20 

23 

14 

12 

10 

Total  ispected 

4 

13 

15 

18 

NoTB. — The  dirtrict  of  Simla  has  been  omitted  as  the  figures  are  extremely  small  and 
the  population  is  subject  to  great  seasonal  variation. 
In  1920    a  new  district — Sheikhupura — was  formed  out  of  |)art  of  I^alinre  and 
Gajranwala  districts. 

In  thesp  fircuinstanci'.s  it  is  concIudTl  that  the  pxcess  mortality 
due  to  relapsing  fever  in  May  and  June  1920  (when  plague  was  almost 
absent)  was  roughly  33,000.  To  this  figure  must  be  added  the 
mortality  from  relapsing  fever  which  is  included  in  the  mortality  figures 
of  respiratory  diseases. 
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The  '  crude  '  mean  mortality  for  the  mouths  of  May  and  June 
during  the  period  1900 — 1917  (the  figures  for  the  years  previous  to  1905 
are  not  available)  is  8,140,  wliilst  the  corresponding  figure  for  the  year 
1920  is  11,595. 

The  excess  in  respiratory  disease  mortality  which  is  ascribable  to 
relapsing  fever  is  therefore  3,455. 

But  the  '  true  '  mean  respiratory  disease  mortality  during  the  above 
months,  which  is  formed  by  omitting  the  years  in  which  epidemics  of 
plague  or  relapsing  fever  caused  an  enhanced  mortality  in  May  and  Jime, 
is  7,426.  The  '  true  '  excess  mortality  in  1920  reported  under  the  head 
of  respiratory  diseases  in  May  and  June  is  therefore  4,169. 

It  is  thus  seen  that  at  the  lowest  computation  the  mortality 
ascribable  to  relapsing  fever  in  May  and  Jxme  1920  is  26,061,  whilst  if 
proper  corrections  be  made  it  was  approximately  37,000. 

It  is  certain  that  even  this  latter  figure  imder-estimates  rather  than 
exaggerates  the  true  fatality  of  the  disease  during  1920,  for  no  attempt 
has  been  made  to  include  the  deaths  occurring  in  the  remaining  ten 
months  of  the  year  or  to  add  the  mortality  reported  mider  the  head  of 
'  dysentery  and  diarrhoea.' 

Furthermore  it  is  clear  that  the  outbreak  in  1920  only  formed  part  of 
an  epidemic  which  commenced  in  1918.  The  deaths  from  relapsing  fever 
in  May  and  Jime  of  this  year  are  calculated  to  have  numbered 
approximately  19,000  and  in  the  following  year  7,000. 

It  is  thus  seen  that  the  present  epidemic  of  relapsing  fever 
(1918—1920)  has  caused  a  mortality  which  a  conservative  estimate 
suggests  was  not  less  than  54,000,  but  which  was  probably  in  the  vicinity 
of  60,000. 

There  is  no  means  of  determining  the  incidence  of  the  disease  amongst 
the  civil  population  (the  infection-rate),  nor  can  the  ratio  of  deaths  to 
infections  (the  case-mortality)  be  given  unless  it  be  assumed  that  the 
case-mortality  of  29  per  cent  ascribed  to  the  epidemic  in  Karual  district 
in  1919  is  representative  of  average  conditions 

Vandyke  Carter  foimd  that  the  case-mortality  amongst  Indians 
treated  in  hospital  in  Bombay  during  the  epidemic  in  1877-78  was  18 
per  cent,  but  many  were  debilitated  as  the  result  of  famine.  If  it  be 
permissible  to  assume  that  the  case-mortality  amongst  untreated  but  not 
famine-stricken  individuals  in  the  Pimjab  during  1920  was  10  per  cent, 
it  would  follow  that  something  like  370,000  cases  occurred  in  the 
Province  during  the  above^year. 
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I'hat  au  epidemic  of  this  maguitiulc  shi.uld  luuf  ocouircd  without  its 
presence  being  widely  recognised  must  be  ascribed,  partly  to  its 
insidious  onset  and  almost  imperceptible  mode  of  spread,  but  mainly 
to  the  complete  freedom  of  the  epidemic  from  explosive  characters 
and  the  absence  of  distinctive  clinical  features  which  permitted  of  the 
disease  being  regarded  as  one  or  other  of  the  many  affections  embraced  in 
the  convenient  but  highly  imscientific  term  'fevers.' 

It  is  now  proposed  to  consider  the  abnormal  features  presented  by 
the  monthly  incidence  of '  fever  '  mortality  which,  as  already  stated,  it 
was  the  original  object  of  the  present  inquiry  to  investigate. 

It  can  he  confidently  stated  that  the  enhanced  incidence  of 
'  fever  '  mortality  in  the  spring  of  19"2(i.  and  more  especially  the  mortality 
in  May  and  June,  was  due  in  the  main  to  relapsing  fever  and  to  no  other 
epidemic  disease. 

i  he  '  fever  '  mortality  in  January  wa?  sub-normal  as  the  result  of 
the  mild  incidence  of  autumnal  malaria  in  the  previous  autumn.  A  slight 
rise  in  mortality  occurred  in  March  and  again  in  April  which  caused  the 
'  fever  '  mortality  in  the  latter  month  to  be  appreciably  in  excess  of 
normal.  In  view  of  the  great  increase  in  mortality  in  May  it  is  permissible 
to  assume  that  the  epidemic  of  relapsing  fever  which  reached  its  maximum 
in  the  latter  month  commenced  to  exhibit  an  effect  on  mortality  in  the 
month  of  March. 

It  will  be  seen  that  whilst  the  mortality  from  the  latter  disease 
reached  its  maximum  in  May,  the  deaths  in  June  were  only  slightly  less. 

In  July  the  mortality  declined  rapidly,  so  much  so  that  in  the 
following  month  the  '  fever  '  deaths  were  again  approximately  normal. 

There  is  a  slight  rise,  as  compared  with  the  previous  month,  in  the 
'  fever  '  mortality  in  September,  but  the  abnormally  low  mortality,  as 
compared  with  the  mean,  in  this  and  the  two  following  months  clearly 
indicates  the  absence  of  any  fatal  epidemic  disease  in  these  months. 

In  the  month  of  December  there  is  a  distinct  rise  in  the  '  fever  ' 
mortality  as  compared  with  the  two  previous  months,  although  the 
mortality  is  still  greatly  below  the  m  can. 

The  nature  of  this  enhanced  mortality  is  not  readily  explainable,  but 
it  is  interesting  to  note  that  Cragg,(*)  quoting  from  an  unpublished 
report  by  Brown,  states  that  the  latter  was  inclined  to  ascribe  a  similar 
rise  in  the  United  Provinces  to  relapsing  fever. 

An  examination  of  the  '  fever '  mortality  figures  of  the  Punjab  during 
the  past  51  years  shows  that  whilst  the    '  fever  '    deaths  in  December 
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are  always  greatly  enhanced  in  years  in  which  malaria  is  epidemic,  they 
show  a  reduction  as  compared  with  the  two  preceding  months.  The 
December  '  fever  '  mortality  has,  however,  exceeded  the  deaths  in  the 
two  preceding  months  on  15  occasions,  of  which  all  but  one  have  been 
year-marked  by  exceptionally  low  autumnal  '  fever  '  mortality.  The 
exception  was  the  year  1891  in  which  an  epidemic  of  influenza  was  respon- 
sible for  a  high  '  fever  '  death-rate  during  the  last  six  months  of  the  year. 

On  the  other  hand  it  is  found,  as  a  result  of  a  scrutiny  of  the 
provincial '  fever  '  indices  of  relapsing  fever  given  in  Appendix  A,  that 
except  in  the  years  1891  and  1920  (in  both  of  which  influenza  prevailed 
in  the  winter),  no  relationship  appears  to  exist  between  epidemics  of 
relapsing  fever  and  relatively  high  '  fever  '  mortality  in  December. 

These  facts  therefore  appear  to  suggest  that  whilst  the  mean 
December  '  fever  "  mortality  is  largely  composed  of  deaths  due  to  malaria, 
it  also  includes  a  number  of  deaths  from  some  other  disease  whose 
influence  on  the  December  '  fever  '  mortality  only  becomes  apparent 
in  years  in  which  autumnal  malaria  occasions    little  or  no  mortality. 

Some  light  is  thrown  on  the  nature  of  the  diseases  responsible  for  the 
enhanced  '  fever  '  mortality  in  December  1920  by  a  scrutiny  of  Chart 
II  in  which  the  '  true  '  mean  mortality  from  respiratory  diseases  is 
contrasted  with  the  corresponding  monthly  figures  for  1920. 

The  curves  shown  in  this  chart  are  of  considerable  interest.  It  will 
be  seen  that  the  mortality  from  respiratory  diseases  normally  reaches  its 
maximum  in  the  months  of  December  and  January.  During  the  next 
three  months  there  are  minor  fluctuations  which  are  followed  by  a  small 
rise  in  mortality  in  the  month  of  May. 

In  June  there  is  a  sharp  decline,  which  is  succeeded  by 
consistently  low  mortality  during  the  months  of  July,  August  and 
September.  Finally  during  the  last  three  months  of  the  year  the 
mortality  from  respiratory  diseases  steadily  rises  imtil  it  reaches  its 
maximum  in  the  month  of  December. 

The  corresponding  mortality  curve  for  1920,  in  marked 
contrast  to  the  above,  exhibits  an  enhanced  mortality  from  respiratory 
diseases  in  March  and  April  followed  by  a  conspicuous  rise  in  May  and 
June  which  closely  resembles  the  rise  in  '  fever  '  deaths  during  the 
same  period.     (Chart  I.) 

It  is  justifiable  to  conclude  that  this  enhanced  mortality 
from  respiratory  diseases  during  May  and  June  was  for  the  most 
part  due  to  deaths   from  relapsing  fever  with  pneumonic  complications. 
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It  is  thus  aeon  that  the  observation  of  Vandyke  Carter  tliat  pue\imonia 
associated  with  relapsiuf;  fever  exhibits  the  seasonal  periodicity 
characteristic  of  the  latter  disease,  rather  than  the  seasonal  periodicity 
of  true  pneumonia,  is  applicable  to  the  Punjab. 

Finally  it  is  seen  that  the  mortality  from  respiratory  diseases  was 
somewhat  enhanced  in  December  1920  and  that  the  curve  of  mortality 
during  the  last  three  months  of  the  year  exhibits  a  trend  similar  to  that 
shown  bv  the  '  fever  '  mortality.  (Chart  T.)  In  these  circumstances  it 
seems  probable  that  the  rise  in  mortality  exhibited  by  the  '  fever  '  and 
respiratoiy  disease  curve  in  December  1920  was  due  to  the  imusual 
prevalence  of  a  febrile  disease  exhibiting  respiratory  complications. 

The  nature  of  this  disease  or  diseases  cannot  be  stated,  but  in  view 
of  the  facts  already  enumerated  there  does  not  at  present  appear  any 
grounds  for  concluding  that  relapsing  fever  was  responsible,  whilst  there 
is  some  reason  to  believe  that  influenza,  which  is  known  to  have  been 
prevalent  during  this  month,  may  be  partly  concerned. 

The  liability  of  outbreaks  of  typhus  fever  to  coincide  with  epidemics 
of  relapsing  fever,  which  has  already  been  referred  to  and  which  will  be 
shown  shortlv  to  be  a  conspicuous  feature  in  the  Punjab,  renders  it 
possible  that  an  enhanced  '  fever  '  mortality  in  December  (in  which 
month  tj-phus  fever  mainly  occurs)  may  be  caused  by  the  latter  disease. 
In  this  manner  it  would  be  possible  to  explain  an  apparent  high 
degree  of  correlation  between  enhanced  spring  mortality  as  the  result 
of  relapsing  fever  and  high  '  fever  '  mortality  in  December. 

But  beyond  the  fact  that  a  few  cases  of  typhus  were  reported  during 
the  year  little  is  known  regarding  the  incidence  of  typhus  fever  in  the 
Punjab  during  1920 

V.  The  Histoky  of  Relapsino  Fever  in  the   Punj.\b. 

Relapsing  fever  has  long  been  believed  to  prevail  in  Inoia,  but  it 
was  not  until  1852  that  the  identity  of  the  disease  with  the  relapsing 
fever  of  Europe  was  firmly  established  by  Farquahar  and  Lyall  as  the 
result  of  an  investigation  at  Peshawar. 

.\8  regards  the  Punjab  nothing  definite  can  be  stated  in  regard  to 
the  period  anterior  to  the  year  1SG7  when  the  first  formal  annual 
report  on  the  health  conditions  of  the  Province  was  publisht  d- 

.\  perusal  f>f  the  early  Sanitary  Reports,  many  of  which  contain 
detailed  clinical  descriptions  of  the  disease,  clearly  shows  that  relapsing 
fever  was  regarded  as  being  widely  endemic  throughout  the  Province  and 
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that  it  occasionally  assumed  epideniic  form  both  amongst  the  civil 
population  and  amongst  prisoners  in  jail.  Indeed  medical  officers  of 
those  days  were  well  acquainted  with  and  not  a  little  puzzled  by  the 
frequent  occurrenccj  sometimes  in  close  conjunction,  of  two  epidemic 
diseases,  one  of  which  was  termed  '  miasmatic  fever  '  and  the  other 
'contagious,'  'jail'  or  'famine'  fever.  The  first  is  now  clearly 
recognisable  as  malaria,  whilst  there  can  be  little  doubt  that  the  second 
was  relapsing  fever  with  which  typhus  fever  was  frequently 
intermingled  and  often  confused. 

It  is  only  natural  that  the  disease  should  have  first  come  prominently 
to  notice  amongst  prisoners  in  jails,  since  the  latter  were  at  that  time  the 
only  section  of  the  population  of  the  Punjab  whose  state  of  health  came 
under  the  constant  supervision  of  European  medical  officers. 

We  thus  read, in  the  Punjab  Sanitary  Report  for  1868,  of  an  outbreak 
of  relapsing  fever  in  the  jail  at  Rawalpindi  in  1862,  in  Multan  jail  in 
1864,  and  a  few  years  later  in  the  jails  at  Ambala  and  Delhi.  In  1868 
an  outbreak  of  a  contagious  febrile  disease  (which  was  not  however 
contracted  in  the  Punjab),  occurred  at  Multan  amongst  a  body  of  Pimjabi 
muleteers  returning  from  Abyssinia.  Dr.  Gray,  the  Civil  Surgeon,  who 
submitted  a  detailed  report  on  the  epidemic,  definitely  proved  that  the 
disease  was  relapsing  fever  with  which  he  was  well  acquainted  as'  it  had 
'  prevailed  epidemically  in  several  of  the  Punjab  jails  in  the  years  1863, 
1864,  1865  and  1866.' 

From  the  year  1867  onwards  numerous  references  to  outbreaks  of 
relapsing  fever  are  made  in  the  Annual  Sanitary  Reports  of  the  Pimjab, 
and  it  is  now  proposed  to  re-construct  the  history  of  the  disease  with  the 
aid  of  the  information  contained  in  these  reports  which  will  be  interpreted 
in  the  light  of  modern  knowledge  of  the  epidemiology  of  the  disease  and 
more  especially  in  relation  to  the  '  fever  '  and  respiratory  indices  of 
relapsing  fever. 

In  Chart  III  the  provincial '  fever  '  indices  for  the  years  1867-1920 
are  shown  in  graphic  form  together  with  the  provincial  respiratory 
indices  for  all  the  years  for  which  the  necessary  data  are  available.  The 
actual  figures  in  both  cases  are  given  in  Appendix  A. 

It  will  be  clear  that  high  '  fever  '  and  respiratory  indices  do  not 
necessarily  connote  the  occurrence  of  an  epidemic  of  relapsing  fever,  but 
it  is  thought  that  when,  in  association  with  high  indices,  the  annual 
sanitary  report  contains  an  imequivocal  reference  to  outbreaks  of  this 
disease,  it  is  justifiable  to  assume  that  these  figures,  and  more  especially 
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the  '  fever  '  indices,  are  indicative  of  the  presence  and  relative  severity 
of  epidemics  of  relapsing  fever.  In  order  to  emphasise  this  point 
the  '  fever  '  index  of  every  year  in  which  an  epidemic  of  relapsing 
fever  is  mentioned  in  the  annual  sanitary  report  is  coloured  red  in 
Chart  III. 

The  history  of  the  disease  during  the  past  5i  years  may  thus  bo 
summarised : 

18G7.  There  is  no  mention  of  relapsing  fever  in  the  Sanitary 
Report,  but  the  widespread  occuirence  of  the  disease,  more  especially  in 
the  Pimjab  jails,  has  already  been  mentioned.  The  '  fever  "  index  is 
*24"7,  which  scarcely  suggests  the  existence  of  any  widespread  epidemic. 
The  data  necessary  to  calculate  the  respiratory  index  are  unfortunately 
not  available. 

1868.  Except  (or  an  accomit  of  an  outbreak  of  relapsing  fever 
amongst  Punjabi  muleteeis  at  Multan,  which  was  not,  however,  contracted 
in  the  Punjab,  there  is  no  direct  evidence  in  the  annual  report  that 
relapsing  fever  prevailed  in  epidemic  form  amongst  the  civil  population. 

The  '  fever  '  index  and  the  respiratory  index  are  both  high,  the 
former  being  446  and  the  latter  +  14- 1,  and  are  indicative  of  the 
occurrence  of  a  widespread  epidemic.  In  view  of  the  gradual  onset  of 
epidemics  of  relapsing  fever,  and  of  the  facts  to  be  related  in  connexion 
with  the  following  year,  there  is  little  room  for  doubt  that  these  indices 
correctly  reflect  the  incidence  of  relapsing  fever. 

1869.  In  this  year  a  famine,  which  is  well-known  to  be  a  frequent 
concomitant  of  an  epidemic  of  relapsing  fever,  occurred  in  the  Punjab. 
In  May  a  severe  outbreak  of  a  febrile  epidemic  disease  suddenly  occurred 
anil  raged  with  special  severity  in  the  districts  in  the  north  of  the 
Province.  It  declined  somewhat  in  July,  but  again  recrudesced  in 
August,  in  some  places  before  the  onset  of  the  monsoon. 

In  October  and  November,  as  the  resdt  of  late  and  heavy  rainfall  in 
September,  a  severe  epidemic,  which  was  clearly  due  to  malaria, prevailed 
in  many  parts  of  the  Province  and  obscured  and  overshadowed  the 
existence  of  any  other  febrile  disease. 

The  Sanitary  Commissioner  at  the  end  of  the  year  caused  special 
inquiries  to  be  made  in  regard  to  the  nature  of  the  late  epidemics, 
and,  although  Civil  Surgeons  almost  unanimously  attributed  the 
unhealthiness  of  the  year  1869  to  '  intermittent '  or  '  miasmatic 
fever,'  the  Sanitary  Commissioner  was  not  able  to  accept  the  purely 
miasmatic  theory  of  the  origin  of  the  late  epidemic. 
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He  points  out  that  reLipc-ing  fever,-  as  well  as  typhus  fever,  were 
well  known  to  be  endemic  in  the  Punjab,  and  that  these  diseases  had 
recently  been  shown  to  be  unusually  prevalent  in  the  north  of  the 
Province. 

He  draws  attention  to  the  apparently  contagious  nature  of  the 
disease  in  some  cases  and  its  resemblance,  mentioned  by  one  Civil 
Surgeon,  to  the  contagious  fever  which  occurred  amongst  the  Punjabi 
muleteers  at  Multan  in  the  previous  year.  Stress  is  also  laid  on  the  fact 
that  epidemics  of  pleuro-pneumonia,  believed  to  be  contagious, 
prevailed  during  the  year  in  many  of  the  Punjab  jails  and  that  the 
epidemic  commenced  before  the  onset  of  the  monsoon. 

These  fants,  and  more  especially  the  last,  render  it  certain  that 
malaria  was  not  solely  responsible  for  the  unhealthiness  of  the  year 
1809  and  it  can  be  concluded  with  confidence  that  two  distinct 
epidemics  prevailed  during  this  year,  viz.,  an  epidemic  of  relapsing 
fever  in  the  spring  and  an  epidemic  of  malaria  which  commenced  in 
the  autumn. 

The  severity  of  the  relapsing  fever  epidemic  is  indicated  by  a  '  fever  ' 
index  of  63-0 — ^the  highest  on  record — and  a  respiratory  index  of -f  8-8. 
The  mortality  caused  by  relapsing  fever  in  the  autumn  cannot  be  stated 
as  it  was  obscured  by  that  caused  by  malaria. 

1870.  The  year  1870  was  even  more  unhealthy  than  the  previous 
year.  Throughout  the  winter  and  spring  the  '  fever  '  deaths  remained 
abnormally  high — contrary  to  the  usual  course  of  events  after  an 
epidemic  of  malaria. 

This  spring  epidemic  was  particularly  severe  in  the  districts  of 
Rawalpindi  and  Sialkot  and  led  to  special  inquiries  being  instituted  in 
these  districts  which  led  to  the  conclusion  that  the  epidemic  was  either 
a  severe  form  of  intermittent  fever  or  that  it  was  relapsing  or  famine 
lever. 

It  is  also  worthy  of  note  that  outbreaks  of  contagious  pleuro- 
pueumonia  occurred  extensively,  more  especially  in  the  districts  in  the 
north  and  west  of  the  Province,  during  the  year. 

These  facts  leave  little  room  for  doubt  that  the  epidemic  of  relapsing 
fever  which  attained  its  maximum  in  the  spring  of  1869  recurred  with 
considerable  severity  in  the  early  months  of  the  year  1870. 

The  '  fever  '  and  respiratory  indices  were  both  approximately 
normal,  but  this  circumstance  is  due  to  the  fact  that  the  enhanced  spring 
mortality  from  both  '  fevers  '  and  respiratory  diseases  was  almost  equally 
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marked  (luriiij;  the  moiulis  of  Manli,  April,  May  and  .Tiiiu".  Whatcvoi 
the  explanation  of  this  circumstance  may  be,  it  will  be  seen  later  that  it  is 
a  feature  invariably  met  with  during  the  decline  of  an  epidemic  of 
relapsing  fever. 

1871.  The  Sanitary  Commissioner  states  that  relapsing  fever  still 
prevailed  though  with  less  severity  than  in  the  previous  year.  He  states 
that  '  the  general  sickness  which  broke  out  almost  simidtaneously  all 
over  the  country  in  May  1869  continued  to  exercise  an  influence  on  the 
mortality  returns  until  the  end  of  the  year  1871.' 

The  '  fever  '  index  was  nil,  the  mortality  being  equally  high  during 
March,  April,  May  and  June. 

1872 — •1876.  There  is  no  mention  of  an  epidemic  of  relapsing  fever 
during  these  five  years, the  only  reference  to  the  disease  being  the  remark 
that  relapsing  fever  was  present  in  Rawalpindi  jail  from  September  1873 
to  March  1874.  Typhus  fever  is  also  stated  to  have  prevailed  in  this  jail 
during  1872. 

In  1872  the  '  fever  '  index  was  slightly  raised  being  25'6,  but  the 
respiratory  index  was  negative  ( — 24)  (2-4).  From  1873-1876  the 
'  fever  '  index  was  either  normal  or  subnormal. 

1877.  Famine  conditions  again  prevailed  widely  in  India  during  the 
year  1877.  In  this  year  the  great  epidemic  of  relapsing  fever  in 
South  India,  which  foimedthe  subject  of  Vandyke  Carter's  classical 
researches,  took  place. 

There  is  no  specific  mention  of  an  imusual  prevalence  of  the  disease 
in  the  Punjab,  but  it  is  noteworthy  that  after  five  years  of  silence  the 
Sanitary  Commissioner  remarks  that  '  the  relapsing  or  famine  fever  is 
familiar  to  the  people  of  all  parts  of  the  Province  and  it  often  spreads 
over  wide  tracts  in  epidemic  form  commonly  proving  fatal  by  the 
development  of  jaundice,  pneumonia  or  diarrha-a.'  'i'hc  '  fever ' 
index  is  22' 1. 

1878.  An  extensive  epidemic  of  relapsing  fever  and  typhus  occurred 
in  the  Punjab  during  the  year  1878.  The  Sanitary  C^)mmissiouer  states 
that  the  former  disease  proved  especially  fatal  in  the  districts  in  the 
south-east  of  the  Province,  whilst  typhus  chiefly  prevailed  in  the  north 
and  west  of  the  Punjab. 

The  '  fever  '  index  confirms  the  occurrence  of  a  severe  epidemic  of 
relapsing  fever,  being  536. 

1879-1881.  The  Sanitary  Ucpoits  contain  no  reference  to  the 
disease  during  these  three   years  but  the    spring  '  fever  '   mortality 
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figures  which  in  1879  are  greatly  enhanced  show  a  gradual  decline 
to  normal  during  the  next  two  years.  The  '  fever  '  mortality  during 
March,  April,  May  and  June  was  almost  equally  affected  with  the 
result  that,  as  in  187o,  the  '  fever  '  indices  are  either  extremely  small 
or  nil. 

1882-1887.  There  is  no  mention  of  relapsing  fever  in  the  Sanitary 
Reports  of  any  of  these  years. 

The  '  fever  '  indices  are  also  normal  or  only  slightly  raised. 

1887.  Although  relapsing  fever  is  not  referred  to  in  the  Sanitary 
Report,  the  '  fever  '  mortality  figures  are  abnormally  high  both  in 
the  spring  and  the  autumn.  The  autumnal  '  fever  '  mortality  was 
mainly  caused  by  an  epidemic  of  malaria.  There  is  some  reason  to 
believe  that  the  enhanced  mortality  in  the  spring  was  in  part  due 
to  relapsing  fever,  since  it  was  associated  with  an  increase  in  the 
mortality  retiurned  imder  the  head  of  '  chest  diseases."  The  Sanitary 
Commissioner  remarks  that  the  experience  of  1887  suggests  that  there 
is  some  other  factor  or  factors  at  work,  not  connected  with  rainfall, 
which  is  responsible  for  the  enhanced  mortality  from  '  fevers ' 
in  1887. 

The  '  fever  '  index  is,  however,  low  (15-7),  owing  to  the  fact  that 
the  mortality  was  abnormally  high  in  March  and  April  as  well  as  in  Maj' 
and  June. 

1888.  There  is  no  reference  to  relapsing  fever  in  the  Sanitary 
Report,  but  the  '  fever  '  index  is  30-8,  the  '  fever  '  mortality  in 
June  being  particularly  high,  especially  in  the  districts  in  the  south- 
east of  the  Province.  The  Sanitary  Conimissioner  states  that  a 
vast  number  of  these  deaths  were  probably  due  to  pneumonia  and 
bronchitis. 

1889.  The'  fever  '  index  is  26-6.  There  is  no  reference  to  relapsing 
fever,  but  an  imusual  mortality  from  pneumonia  was  reported  from  many 
districts.  Typhus  fever  prevailed  in  the  districts  of  Peshawar  and 
Rawalpindi. 

1890.  There  is  no  reference  to  relapsing  fever  in  the  Sanitary 
Report,  but  the  epidemiological  circumstances  of  the  year  are  obscured 
by  the  fact  that  in  the  spring  of  1890  the  Punjab  was  involved  in  the 
pandemic  of  influenza  which  prevailed  almost  throughout  the  world  in 
this  year.  In  view  of  the  epidemic  of  relapsing  fever  in  the  following 
year  there  can  be  little  doubt  that  part  of  the  enhanced  '  fever  '  mortality 
in  May  and  June  of  1890   ("  fever  '  index  -JQ-e)    was  due  to  the  latter 
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disease.  There  was  also  an  epitlemie  of  malaria  in  tin-  aiitimm.  In 
these  circumstances  it  is  not  a  matter  of  surprise  that  the  year  1890  was 
the  most  unhealthy  in  the  Punjab  since  the  registration  of  vital  statistics 
was  commenced  in  1867. 

1891.  It  is  stated  in  the  Sanitary  Report  that  relapsing  fever 
prevailed  in  the  Punjab  in  epidemic  form  and  that  it  proved  more 
especially  fatal  during  the  early  months  of  the  year  in  the  districts 
situated  in  the  south-west  of  the  Province.  Typhus  fever  also  prevailed 
as  an  epidemic,  but  this  disease  mainly  affected  the  districts  in  the 
north-west  of  the  Punjab. 

Outbreaks  of  influenza  also  occurred  mainly  in  the  months  of  Marc 
and    April,  but  in    spite  of  this    circumstance    the  '  fever  '  inde.x  of 
relapsing  fever  was  40"(i. 

1892.  There  is  no  reference  to  relapsing  fever  in  the  Sanitary 
Report,  but  the  '  fever  '  mortality  throughout  the  first  six  months  of  the 
year  was  even  higher  than  in  the  previous  year  as  the  result  of  typhus 
in  the  winter  and  influenza  dming  January,  February  and  March. 

The  'fever'  index  was  consequently  nil,  but  there  can  be  little 
doubt  that  part  of  the  enhanced  '  fever  '  mortality  iu  May  and  June  was 
caused  by  relapsing  fever. 

1893-1899.  E.xcept  for  a  reference  to  typhus  fever  in  Peshawar 
and  Kangra  districts  in  1894  no  fact  having  any  bearing  on  relapsing 
fever  is  given  in  the  Sanitary  Reports  for  these  seven  years. 

The  '  fever  "  indices  are  also  normal  or  subnormal. 

The  '  fever  "  mortality  in  May  and  June  in  1898  and  to  a  less  degree 
m  1899  shows  a  relative  increase  as  compared  with  the  three  previous 
years. 

19<X)-19<J2.  Owing  to  a  change  in  official  procedure  the  Sanitary 
Reports  from  1900  onwards  become  briefer  and  more  formal  documents 
which  rarely  deal  with  epidemiological  considerations. 

There  is  no  mention  of  relapsing  fever  during  these  three  years,  but 
the  'fever'  indices  were  33  G,  34*9  and  nil,  respectively.  Famine  also 
prevailed  in  the  Punjab  during  1900  and  there  was  some  increase  in 
mortality  both  from  '  fevers  '  and  pneumonia,  more  especially  in  the  soutli 
of  the  Province,  during  the  spring  of  1902. 

1903  190.J.  There  is  no  mention  of  relapsing  fever  in  the  Sanitary 
RcfKjrts  for  the.se  years  and  the  '  fever  '  indices  are  also  exceptionally 
low,  a  circumstance  which  is  ^jrobably  in  part  due  to  the  widespread 
occurrence  of  epidemic  plague  in  March  and  April. 


772  ttetapsing  Pever  in  the  Punjah. 

From  1905  onwards  tlic  respiratory  index  of  relapsing  fever  is 
also  available  ,and  since  the  figure  for  1905  is— 12-3  (the  '  fever  ' 
index  being  nil),  it  is  concluded  that  relapsing  fever  was  not  widely 
prevalent. 

1906.  There  is  only  a  brief  reference  to  '  fevers  '  and  no  reference  to 
relapsing  fever  in  the  Sanitary  Report  for  1906. 

The  'fever'  index  (38-5)  and  the  respiratory  index  (-(  8-5)  both 
suggest  that  this  disease  prevailed  extensively  in  the  Province.  An 
epidemic  of  plague,  although  of  less  severity  than  in  the  preceding  or  in 
the  following  year,  occurred  in  the  spring,  but  this  disease  disappeared  by 
June  and  it  does  not  therefore  seem  probable  that  the  enhanced  mortality 
from  '  fevers  '  and  respiratory  diseases  recorded  in  the  latter  month  can 
be  attributed  to  a  misclassification  of  plague  mortality. 

There  is  therefore  some  reason  to  think  that  an  epidemic  of  relapsing 
fever,  which  remained  undetected  largely  owing  to  a  concurrent  epidemic 
of  plague,  prevailed  in  the  Punjab  during  the  year  1906. 

1907.  A  great  epidemic  of  plague  was  the  dominant  feature  of  the 
year  1907.  The  Sanitary  Report  contains  only  a  scanty  reference  to 
'  fevers  '  arid  makes  no  mention  of  relaj^sing  fever. 

The  '  fever  '  index  was  nil  and  the  respiratory  index  was — 7 '5. 

1908-1913.  In  spite  of  the  occurrence  of  epidemics  of  malaria  and 
plague  the  '  fever '  and  respiratory  indices  are  consistently  low  and 
indicative  of  the  absence  of  relapsing  fever  in  epidemic  form.  The 
disease  is  not  mentioned  in  any  of  the  Sanitary  Reports. 

1914.  The  '  fever  '  index  is  somewhat  high,  being  27"7,  whilst  the 
respiratory  index  after  being  negative  since  the  year  1906  again  becomes 
positive  (+10'4).  The  Sanitary  Report  states  that  an  epidemic  of 
relapsing  fever  occurred  in  Gurgaon  district  and  that  an  outbreak  of 
typhus  fever  was  reported  in  Mianwali  district. 

1915-1917.  There  is  no  mention  of  relapsing  fever  in  the  Sanitary 
Reports  for  these  three  years,  but  the  '  fever  '  and  respiratory  indices  of 
the  year  1915  both  indicate  the  mild  prevalence  of  the  disease.  The 
'  fever  '  index  was  26'2  and  the  respiratory  index  was  +4*6.  In  1917 
these  indices  were  3"3  and  — 280,  respectively,  but  in  spite  of  this 
circumstance  the  disease,  it  has  already  been  shown,  was  mildly  epidemic 
in  four  districts. 

1918-1920.  A  detailed  account  of  the  history  of  the  disease  during 
these  three  years  has  already  been  given.  It  only  remains  to  add  that 
the  information  given  in  the  Sanitary  Reports  in  regard  to  the  incidence 
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jiiul  relative  severity  of  the  disease  is  fully  confinnod  l>v  the  '  fovi-r '  and 
rospiratory  indices  which  are  as  follows  :^ 

1018.  'Fever'  iiulex=  IT-l.  Respiratory  index  =  -f-  t)-8. 

1919.  'Fever'  index  ^  18a.  Respiratory  index— +  250. 

1920.  'Fever'  index  — 442.  Respiratory  index  =+218. 

VI.  General  Review. 

It  is  now  proposed  to  review,  in  the  light  of  the  facts  detailed  in  the 
two  previous  chapters,  the  main  epidemiological  features  exhibited  by 
relapsing  fever  in  the  Punjab  during  the  past  54  years. 

It  is  first  necessary  to  apprai.se  the  value  which  may  properly  be 
attached  to  the  '  fever  '  and  respiratory  indices  as  forming  reliable  data 
on  which  to  base  an  opinion  in  regard  to  the  occurrence  of  an  epidemic 
of  relapsing  fever. 

It  will  be  seen  from  a  scrutiny  of  Chart  III  that  the  occurrence  of 
major  epidemics  of  the  disease,  as  indicated  by  the  '  fever '  indices, 
took  place  in  the  years  1869,  1878,  1891,  1906  and  1920.  The  respiratory 
indices  arc  not  available  for  the  period  1872-1905;  but  in  the  years  for 
which  they  are  available  (1869,  1906  and  1920)  they  afford  confirmatory 
evidence  of  the  occurrence  of  an  epidemic  of  relapsing  fever  in  these 
years. 

The  contemporary  records  contained  in  the  Punjab  Sanitary 
Reports  it  has  already  been  shown,  refer  to  widespread  outbreaks  of 
relapsing  fever  in  the  years  1869,  187S,  1891  and  1920,  and  it  is  equally 
important  to  note  that  they  make  no  mention  of  epidemics  in  any  other 
years. 

It  thus  appears  that  in  the  year  1906  alone  the  Sanitary  Report 
fails  to  confirm  the  '  fever  '  index,  but  in  view  of  the  concurrence  of  an 
epidemic  of  plague  in  this  year,  which  exhibited  almost  the  same  seasonal 
periodicity  as  relapsing  fever,  it  is  by  no  means  impossible  that 
an  epidemic  of  the  latter  disease  would  be  overlooked. 

In  these  circumstances  it  is  concluded  that  the  '  fever  '  index, 
more  especially  when  confirmed  by  the  respiratory  index,  may  be  regarded 
as  possessing  definite  epidemiological  value  not  only  for  the  purpose  of 
elucidating  the  cyclical  recurrence  of  these  epidemics,  but  also  as  a  means 
of  determining  the  distribution  of  relapsing  fever  epidemics  and  their 
relative  severity  in  different  parts  of  the  Punjab. 

It  will  be  seen  from  the  Chart  that  major  epidemics  of  relapsing 
fever  have  esLibited  a  tendency  to  recur  at  more  or  Icib  regular  iutcrvaU 
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the  number  of  years  between  each  being  9  years,  12  years,  14  years  and 
13  years,  respectively. 

furthermore,  from  the  facts  already  detailed,  it  is  clear  that  the 
attendant  circumstances  connected  with  these  epidemics  present  many 
points  in  common. 

Thus,  although  the  onset  of  the  epidemic  may  be  sudden,  its 
commencement  must  invariably  be  looked  for  two  or  three  years  previous 
to  the  year  in  which  it  attains  its  maximum.  This  circumstance  occurred 
in  connexion  with  the  epidemics  associated  with  the  years  1869,  1878  and 
1920,  and  it  is  probable  that  this  feature  was  also  present  in  the  case  of 
the  epidemics  in  1891  and  1906,  but  is  obscured  by  reason  of  the  fact 
that  epidemics  of  influenza  and  jilague  occurred  in  the  early  spring  of  the 
years  1890  and  1905,  respectively. 

It  has  al-  o  been  shown  that  epidemics  of  relapsmg  fever,  in  addition 
to  being  insidious  in  onset,  are  prolonged  in  duration  so  that  they  continue 
to  exercise  an  influence  on  mortality  (more  especially  in  the  spring)  for 
two  or  more  years  after  reaching  their  maximum. 

The  total  '  wave-length  '  of  these  epidemics  is  thus  about  live  years 
which  comprises  the  epidemic  year  and  the  two  years  immediately 
preceding  and  following  it. 

It  will  be  also  seen  from  Chart  III  that,  in  addition  to  the  main 
ei^idemic  years,  the  '  fever '  indices  exhibit  fluctuations  in  other  years 
which  in  some  cases  are  of  sufficient  magnitude  to  constitute  minor 
epidemics. 

It  would  scarcely  be  expected  that  with  so  elusive  a  disease  as 
relapsing  fever  these  minor  epidemics  would  attract  attention,  but  in 
the  case  of  the  year  1914,  in  which  the  '  fever  '  index  and  the  respiratory 
index  both  suggest  the  occurrence  of  a  minor  epidemic,  the  Sanitary 
Report  mentions  the  outbreak  of  the  disease  in  one  district.  Similar 
confirmation  of  the  occurrence  of  other  minor  epidemics  is  not 
forthcoming  and  it  is  therefore  not  possible  to  arrive  at  definite 
conclusions  in  these  cases. 

Nevertheless  the  available  information  suffices  to  show  that  relapsing 
fever  has  exhibited  some  degree  of  epidemicity  in  at  least  27  years  out  of 
54  years. 

Unless  therefore  it  be  assumed  that  the  disease  is  constantly 
being  imported  from  other  parts  of  India  it  must  be  concluded  that 
relapsing  fever  is  a  disease  which  is  permanently  (at  any  rate  since 
1867)   endemic    in  the  Punjab    and  that  the   periodical  epidemics  are 
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CHART  I. 
The  Provincial  Monthly  "Fever"  Mortality  in  the    Punjab. 


m 


oJ 


EVER*' 

ATMS 


52500 

JAN.       FELB.      MAR.       APL. 

MAY.       JUNE.    JULY.      AUG.      SEPT.      OCT.       NOV.       DEC. 

50000 

/\ 

♦  7500 

j          \ 

/        ^ 

42  500 

r\                              / 

/  ^\                            ' 

/    \ 

/       > 

40000 

/    \ 

37500 

/     \ 

/                              \                                                  / 

/                               \                                                / 

3  5000 

'        \          /            , 

32500 

\            J 

10000 
•7500 
t»5000 

l!2500 

/. 

vV""^ 

Mean  nnonthly  "fever"  mortality    1901-1917  -  black 
Actual  monthly  "fever"  mortality  in  1920=red 


in- 


CSPiRATORY 
SEASE 

JRTALITY 


Chart  II. 

The  Provincial   Monthly  "Respiratory  Disease"  Mortality 
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Chart  III.  '  '   ■ 

To  Show  the  "Fever"  Indices  of  Relapsing  Fever  In  the  Punjab.  (1867—1920) 
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To  Show  the  "  Respiratory"  Indices  of  Relapsing  Fever  In  the  Punjab.  (1867—1920) 


(Columns  coloured    red  indicate   the  years   in  which  an  epidemic  of   relapsing  fevor  i» 
recorded  in  the  Punjab  Sanitary  Reports,  except  the  year  1906) 
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due  to  the  increase*!  toxicity  ami  eulianced  ditTutiibility  of  ui\  I'luicinic 
disease. 

Another  notable  feature  of  these  epidemics  is  tlioir  fnqiu'i  t  tiiDUnli 
not  invariable  association  with  famine.  Thus  famine  preceded  and 
accompanied  the  epidemics  in  the  years  1869  and  1878.  The  minor 
epidemic  of  1900 — if  indeed  the  high  '  fever '  index  in  this  and  the 
following  year  is  indicative  of  relapsing  fever — was  also  a.ssociated  with 
famine. 

On  the  other  hand  scarcity  did  not  prevail  either  in  1900  or  in 
1920. 

The  history  of  relapsing  fever  in  the  Punjab  also  serves  to  illustrate 
the  well-known  association  of  relapsing  fever  and  typhus. 

Thus  during  the  quinquennium  embracing  the  year  1869  numerous 
outbreaks  of  typhus  were  reported  from  the  districts  in  the  north  and 
west  of  the  Province. 

This  disease  was  also  prevalent  during  the  epidemic  of  relapsing 
fever  in  the  year  1878,  the  same  area  as  before  being  mainly  involved. 
Identical  circumstance.s  occurred  in  connexion  with  the  relapsing  fever 
epidemic  based  on  the  year  1891. 

There  is  no  mention  of  typhus  in  comiexion  with  the  epidemics  of 
1900  and  1906,  but  typhus  fever  is  again  reported  in  association  with  the 
present  epidemic  of  relapsing  fever.     (1918-1920.) 

It  will  thus  be  seen  that  these  two  diseases  exhibit  an  almost 
identical  cyclical  periodicity  but  differ  somewhat  in  their  geographical 
distribution,  typhus  fever  being  restricted  to  the  montane  and 
submontane  districts  in  the  north  and  west  of  the  Punjab,  whilst  relapsing 
fever,  although  encountered  in  the  same  area,  prevails  extensively  in  the 
plains  and  appears  to  be  more  especially  seveie  in  the  districts  in  the 
south-east  of  the  Province. 

The  records  also  show  that  in  another  respect  these  two  diseases 
present  distinctive  epidemiological  features.  Tj'phus  fever  appears 
essentially  to  exhibit  a  winter  periodicity,  being  most  frequently 
encountered  in  the  months  of  December,  January  and  February, 
whilst  leiapsing  fever  is  mainly  a  spring  disease. 

The  significance  attaching  to  the  peculiar  relationship  between  these 
diseases  will  not  be  discussed  here  and  it  will  suffice  to  remark  that, 
whilst  they  [jossess  the  same  cyclical  periodicity,  they  exhibit  distinctive 
characters  in  regard  to  their  geographical  distribution  and  seasonal 
periodicity. 


776  Relapsing  Fever  in  the  Punjab. 

The  above  account  of  the  main  epidemiological  features  presented  by 
relapsing  fever  in  the  Punjab  renders  it  possible  to  envisage  the  present 
epidemic  in  its  true  perspective  and  perhaps  even  in  some  small 
measure  to  forecast  the  course  of  events  in  the  immediate  future. 

It  is  not  possible  to  state  whether  the  present  epidemic  reached  its 
fastigiuni  in  1920  or  whether  it  will  attain  its  maximum  severity  in  1921.* 
In  other  words,  it  is  not  at  present  known  whether  the  year  1920 
corresponds  epidemiologically  to  the  year  1868  (which  exhibited  a 
similar  '  fever  '  index)  or  to  the  year  1869. 

It  does,  however,  seem  probable  that  the  epidemic,  which  in  1920 
had  not  appreciably  affected  the  districts  to  the  north  of  the  Jhelum 
river,  will  in  due  course  spread  to  these  districts.  And  in  the  event  of 
this  contingency  arising  it  is  a  justifiable  deduction  from  the  past  history 
of  the  disease  to  anticipate  that  it  will  again  be  associated  with  an 
increased  incidence  of  typhus  fever. 

VII.  Conclusion. 

It  is  not  proposed  to  deal  further  with  the  epidemiological  aspect  of 
relapsing  fever  or  to  consider  the  precise  role  of  the  '  carrier  '  and  the 
mode  of  spread  of  the  disease,  on  which  subjects  the  researches  now  being 
carried  out  by  Major  F.  W.  Cragg,  m.d.,  i.m.s.,  may  be  anticipated  to 
throw  light. 

The  nature  of  the  circumstances  thought  to  be  responsible  for  the 
cyclical  recurrence  and  seasonal  periodicity  of  lelajjsing  fever  will  also  be 
reserved  for  consideration  in  a  separate  paper  now  under  preparation. 

But  it  would  stultify  the  ultimate  object  of  all  epidemiological 
investigations  to  ignore  the  practical  conclusions  arising  out  of  the  facts 
elucidated  in  this  preliminary  report. 

It  is  clear  that  relapsing  fever  must  now  be  regarded  as  a  disease 
which  is  widely  endemic  in  the  Punjab  and  which  at  more  or  less  regiUar 
intervals  is  apt  to  assume  epidemic  proportions.  This  fact,  it  is  thought, 
requires  more  explicit  recognition  than  it  has  hitherto  received. 

Owing  to  the  absence  of  dramatic  clinical  features  in  relapsing  fever 
and,  it  is  believed,  the  not  infrequent  occurrence  of  mild  and  atypical 
cases,  the  diagnosis  of  the  disease  is  apt  to  present  great  difficulties. 

It  is  therefore  necessary  that  the  possibility  of  relapsing  fever  shoidd 
be  borne  in  mind  in  all  obscure  cases  of  '  fever  '  and  that  steps  should  be 

*  Note — It  has  since  been  determined  that  relapsing  fever  was  less  widespread 
and  severe  in  1931,  than  in  the  former  year. 
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taken  to  verify  the  presence  of  relapsing  fever  by  means  of  the  examiaation 
of  bKuxl  films. 

la  coimexion  with  the  cliuical  aspect  of  the  disease  it  is  desired  to 
emphasise  the  peculiar  liabilitj'  of  relapsing  fever  to  be  confused  with 
lobar  pneumonia  and  influenza.  So  nuich  so  is  this  the  case  that  it  is  a 
reasonable  assumption  that  all  localsied  epidemics  of  these  diseases  as 
well  as  '  pleuro-pneumonia,'  and  "  septic  pneumonia  '  occurring  in  the 
Punjab  in  the  months  of  May  and  June,  should  be  regarded,  until  the 
contrary  be  proved,  as  possibly  due  to  relapsing  fever. 

Fortunately  it  is  possible,  by  means  of  the  examination  of  blood  films, 
to  verify  at  once  the  presence  or  absence  of  rela]3sing  fever,  and  in  no 
disease  is  this  method  of  diagnosis  of  more  importance,  since  by  a  single 
injection  of  salversan  or  one  of  its  substitutes  a  prompt  and  certain  cure 
can  usually  be  obtaine<l. 

The  prevention  of  the  disease  is  of  even  more  importance  than  its 
cure,  but  this  matter,  in  the  case  of  the  civil  population  of  the  Punjab,  is 
beset  with  great  difficulties.  It  must  be  presumed  that  the  disease  is 
spread  in  the  Punjab,  as  elsewhere  in  India,  by  the  body-louse  and  that 
these  parasites  are  universall}'  prevalent  more  especially  in  rural  areas. 
To  '  de-louse  '  a  civil  population  of  about  20  million  people  is  obviously 
an  impossible  task,  but  in  ceitain  areas  and  under  certain  conditions 
some  action  along  these  lines  is  not  impossible. 

Thus  in  the  case  of  troops,  of  the  police  and  of  prisoners  in  jails 
amongst  whom  some  echo  of  the  present  epidemic  of  relapsing  fever  in 
the  Punjab  must  be  anticipated  to  occur,  no  insuperable  difiiculties  need 
arise  in  carrying  out  this  measure. 

With  these  remarks  it  is  proposed  to  close  the  present  study  of 
relapsing  fever,  which  although  restricted  in  scope  has,  it  is  thought, 
sufficed  to  throw  light  on  an  epidemic  disease  whose  identity  has  long 
remained  hidden  amongst  the  tangled  skein  of  Punjab  '  fevers.' 
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Appendix  A. 
The  Provincial  '  Fever  '  and  Respiratory  Indices  oj  Relapsing  Ferer. 


Year. 

'  Fever  '  Imlex. 

Respiratory  Index. 

1867 

24-7 

- 

18C8 

44 -fi 

+  14-1 

1869 

63-0 

+  8-8 

1870 

10-8 

-11-8 

1871 

00 

- 

1872 

25-6 

-  2-4 

1873 

17-2 

- 

1874 

21-2 

- 

1875 

7-4 

- 

1876 

12-2 

- 

1877 

22-1 

- 

1878 

53-6 

- 

1879 

14-9 

- 

1880 

0-0 

- 

1881 

0-0 

- 

1882 

21-2 

- 

1883 

31 

- 

1884 

20-2 

- 

1885 

27-9 

— 

1886 

27-2 

- 

1887 

15-7 

_ 

1888 

30-8 

— 

1889 

26-2 

- 

1890 

20-6 

_ 

1891 

40-9 

- 
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Year. 

■  Fever '  liidex. 

It»2 

0-0 

1893 

16-2 

l8tH 

15M 

1895 

22-9 

189« 

14-U 

1897 

23-1 

1898 

28-2 

1899 

8-9 

1900 

33-6 

1901 

34-9 

1902 

9-0 

I9a-J 

72 

1904 

3-6 

I90S 

0-0 

1906 

38-6 

'.907 

0-0 

1908 

11-2 

1909 

0-0 

I9lu 

13-4 

1911 

7-« 

1912 

J  4 

191.1 

16-9 

1914 

27-6 

191.'-. 

SB'S 

1916 

12-7 

1917 

3-3 

191R 

17^4 

1919 

\s-n 

1920 

44-2 

Kr-liiratorj    liiilex. 


-12-3 
+  8  6 

-  7-8 
-19'9 
-17-6 

-  9-1 

on 

-  7-6 
-13-1 
+  10  4 
+  4-tl 
-16-1 
-28-0 
+  6-8 

+2a'0 

+21-8 
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The    'Fever' 


and  Respiratory  Indices  of  each   district  of   the   Punjab  during 
the  years  1917,  1918,  1919  and  1920. 


1917 

1918 

1  " 

1919 

1920 

District. 

'  Fever  ' 

Respira- 

' Fever ' 

Respira- 

' Fever ' 

Respira- 

'  Fever  ' 

Respira- 

tory 

tory 

toiy 

tory 

1. 

Hissai 

23-0 

-42-5 

32-1 

-35-7 

45.6 

+  35'0 

47 '5 

-fl4-8 

2. 

Rohtak 

19 '5 

-24-4 

87-4 

-f23-5 

60-3 

+38-8 

77-4 

-  7-3 

3. 

Gurgaon 

33-8 

-15-9 

64-4 

-34-6 

23-3 

+36-0 

14-9 

-IM 

yi. 

Karnal 

3-8 

+  16-1 

57-2 

-f72-8 

70 '5 

-t-74'0 

49-5 

-15-3 

■  5. 

Ambaia 

2-9 

-18-5 

20-2 

+  12-4 

26  7 

-fl26-4 

73-0 

-fll9-8 

'  fi. 

Kangra 

31 

-46  1 

88-0 

+  3-8 

31  1 

-f   5-8 

55-3 

+  17'0 

1  7. 

Hoshiarpur 

nil 

-33  a 

72-7 

-fl8-4 

22-5 

-11-0 

32  6 

-29-7 

''8. 

Jullundur 

3 '4 

-27-5 

nil 

-f  4-8 

20-5 

-15-6 

51  •! 

-20  1 

19. 

Ludhiana 

0-9 

-32-4 

nil 

-13-4 

16-7 

-f29-l 

67-4 

+231 

10. 

Ferozepur 

10-1 

-36-7 

29-7 

-25-5 

nil 

-fl9-6 

23  0 

-120 

11. 

Lahore 

9-1 

-12-4 

34-6 

-14-4 

44-0 

+  8-7 

87-9 

+  13-0 

12. 

Amritsar 

6-5 

+  5-2 

39-2 

-f22-0 

50-5 

-f70-0 

79-4 

-f48-7 

l.S. 

Giirdaspur 

6-4 

-  8-9 

46-7 

+37-7 

20  1 

-  7-3 

77-7 

+24-5 

14. 

Sialkot 

8-3 

-20-7 

46  3 

+  14-5 

41-4 

-f22-4 

54-2 

nil 

15. 

Gujranwala 

2-8 

-19'1 

nil 

—  4-4 

nil 

+57-6 

40-6 

-14-4 

16. 

Gujrat 

ml 

-19-5 

nil 

+36-6 

2-8 

-25-6 

nil 

+  17-5 

17. 

Shahpur 

21-2 

-86-8 

nil 

-56-5 

36-5 

+  4-3 

11-3 

-27-5 

18. 

Jhelum 

vil 

nil 

nil 

-15-5 

6-2 

nil 

nil 

-  6-5 

19. 

Rawalpindi 

nit 

-49-0 

nil 

-  8-3 

nil 

+53-3 

nil 

-17-2 

20. 

Attook 

nil 

-42 '9 

nil 

-f-11-3 

nil 

+51-4 

nil 

-  7-4 

21. 

Mianwali 

nil 

-27'0 

nil 

+  5-2 

nil 

-fl86-0 

10-2 

nil 

22. 

Montgomery    . 

10-4 

-36-3 

nil 

-28-1 

nil 

+  118'1 

27-9 

+347 

23. 

Lyallpur     "     . 

24-4 

-22-4 

47-8 

-12-6 

49  0 

-fl5-3 

58-7 

-29-8 

24. 

Jhang 

2-7 

nil 

-100 

nil 

+34-7 

13-8 

-39-8 

25. 

Multan 

1-2 

-i'3-4 

nil 

-23-3 

nil 

-f26-2 

10-2 

-12-6 

26. 

Muzaffargarh  . 

nil 

-76-3 

nil 

-52-5 

nil 

-29-0 

57-6 

nil 

27. 

Dera  Ghazt  Khan 

nil 

-30-7 

nil 

-I-34-2 

29-7 

-17'6 

5-7 

-22-8 

Note  to  Appendix  B. 
It  is  not  possible  to  attribute  tbe  same  significance  to  the  respira- 
tory indices  of  districts  as  to  the  '  fever  '  indices  on  account  of  the  fact 
that  the  paucity  of  the  figures,  more  especially  in  the  case  of  the 
districts  of  Mianwali,  Muzaffargarh  and  Dera  Ghazi  Khan,  unduly 
exaggerate  an  index  formed  by  means  of  percentages.  In  some  districts 
it  is  also  clear  that  deaths  due  to  respiratory  diseases  are  mainly 
reported  under  the  head  of  '  fevers.' 
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VISCERAL  INFECTIONS  DUE  TO  THE 
HIGHER  FUNGI. 

BY 

Major  F.  P.  MAOKIE,  i.m.s. 

[Received  for  pubLoation,  August  4,  1921.1 

PuLMONARir  Aspergillosis  complicating  Kala-azar. 

Case  I. — The  patient  was  a  British  soldier  and  was  admitted  to  one 
of  the  Baghdatl  hospitals  during  1918  with  the  following  history.  He  had 
been  for  18  months  in  Mesopotamia  and  had  spent  a  short  tin\e  in  India 
before  re-drafting. 

His  illness  began  with  a  rigor  18  days  before  I  saw  him,  and  the 
rigors  had  continued  and  were  not  influenced  by  quinine.  The  spleen 
was  noticed  to  be  enlarged  a  fortnight  after  the  commencement  of  the 
disease.  His  diagnosis  on  admission  hac^  been  enteric  group  fever  but 
blood  cultures  had  proved  negative. 

Condition  on  admission. —The  spleen  was  much  enlarged  and 
tender,  reaching  to  four  fingers  breadth  below  the  costal  margin. 
Liver  slightly  enlarged.  Diminution  of  the  breath  sounds  and  vocal 
resonance  at  the  base  of  the  right  lung  where  numerous  fine  crepitations 
Were  heard. 

Progress. — The  disease  began  on  March  13th  and  the  patient  died 
on  September  4th,  making  the  course  nearly  six  months. 

The  above  signs  persisted  and  wasting  supervened.  The  lung 
condition  became  more  pronounced  and  patches  of  consolidation  were 
noticed.  The  cough  v,as  troublesome  but  no  sputum  was  obtained  till 
a  few  days  before  death.  The  spleen  continued  to  increase  in  size  and 
emaciation  eventually  became  extreme.  Subcutaneous  ha-morrhages, 
transient  patchy  otdemas  and  a  subcutaneous  abscess  were  other 
noteworthy  signs,  which  appeared  before  death. 
(    781     ) 
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Differential  diagnosis.- — During  the  early  stages  the  condition  was 
taken  for  enteric  fever  but  several  blood  and  fajcal  examinations  were 
negative. 

Tuberculosis  of  the  lungs. -Tim  was  the  diagnosis  most  confidently 
made  on  accomit  of  the  persistent  and  progressive  signs  at  the  right  base. 
No  sputum  could  be  obtained. 

Si(b-diaphragmatic  abscess.  — Hectic  fever,  rigors  and  the  signs  at  the 
base  of  the  lung  and  the  downward  pushing  of  the  liver  were  signs  in 
favour  of  this  diagnosis.    Two^blood  counts  wereraade  with  the  following 
result : — 
July  2nd. — 

Red  cells=5,250.000  per   cm. 
White  cells  =2,031  „       „ 

Polymorphonuclears     =72"  4  per  cent. 
Small  mononuclears      ==19G       „ 
Large  mononuclears     =  7"3        „ 
Eosinophiles  =■  0'7       „ 

August  8th. ~- 

White  cells=G,500  per  cm. 

Polynuclears  =72'0  per  cent. 

S.  Mononuclears   =;15'0        „ 
L.  „  =11-0 

Eosinophiles  =  1'5       ,, 

Basophiles  —  0"3       ,, 

Malaria. — -This  was  suspected  on  account  of  the  frequent  rigors  and 
the  splenic  enlargement  but  was  excluded  by  blood  examinations  and  by 
the  negative  eiiect  of  quinine. 

The  long  continued  fever,  the  wasting,  ejdargement  of  the  spleen 
and  liver,  and  the  low  leucocj^e  count  with  high  mononuclear  figure 
suggested  kala-azar.  The  spleen  was  punctm'ed  early  in  the  disease  but 
Leishmania  were  not  found  and  the  patient  refused  fmther  spleen 
pmictures. 

The  possibility  of  the  disease  being  suppm'ative  or  tuberculous 
pyelitis  was  also  considered  but  though  the  mine  contained  albumen 
from  time  to  time  neither  cocci  nor  tubercle  bacilli  were  ever  found. 

During  one  of  the  early  attempts  at  blood  culture  for  the  enteric 
group  the  bile  salt  medium  on  being  plated  out  on  McConkey's  medium 
yielded  a  pure  growth  of  slow  growing  streptothrix  colonies,  and  on  this 
ground  I  thought  the  case  to  be  one  of  those  rare  cases  of  disseminated 
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nocardiasis  which  are  known  to  occur  and  to  resemble  chronic 
tuberculosis. 

Also  I  was  mindful  of  the  two  genuine  cases  of  streptothrix  infection 
which  are  to  be  described  further  on  and  thought  I  had  found  one  in  this 
case  also. 

The  source  of  the  streptothrix  in  this  particular  case  will  never  be 
known  but  a  series  of  puzzling  cases  which  had  occurred  about  this  time 
which  were  characterised  by  signs  of  consolidation  and  cavitation  at 
the  base  of  the  lung,  hectic  fever  rigors  and  wasting  led  Lt.-Col. 
SpraNsson  and  me  to  describe  this  group  of  cases  as '"  Disseminated 
Nocardiasis  "  (vide  Indian  Medical  Gazette,  September  1918,  pp.  321 
e/  seq). 

Under  the  influence  of  this  idea  I  spent  several  months  in  the  study 
of  material  from  several  cases  and  in  attempting  to  reproduce  the  fungus 
in  laboratory  animals. 

The  fact  that  the  fuiigus  was  nonpathogenic  to  these  animals  and  was 
subsequently  fomid  to  be  occurring  as  a  contamination  on  plates  exposed 
in  the  laboratory  caused  me  to  modify  the  attitude  I  had  adopted  and  to 
look  elsewhere  for  the  cause  of  this  curious  symptom  complex. 

The  patient  died  on  September  4th  and  the  autopsy  was  made 
within  an  hour  of    death. 

The  most  noteworthy  changes  were  in  the  spleen  and  the  lungs, 
the  former  weighed  about  one  pound  and  was  soft  and  friable.  The 
right  lung  was  toughlj'  adherent  to  the  chest  wall  especial  at  the  base. 
On  section  the  bulk  of  the  lower  lobe  was  honeycombed  with  small 
abscess  cavities  ranging  in  size  from  a  pea  to  a  pin's  head-  .Vround 
these  cavities  the  Imig  substance  was  thickened  and  fibrosed  whilst 
the  cavities  themselves  were  occupied  by  a  thick  greenish  pas.  No 
tubercles  could  be  seen.  The  left  Imig  was  free  of  adhesions  but  the 
lower  lobe  was  in  a  condition  of  p)ieumonic  consolidation  with  the 
distribution  of  an  aspiration  pneumonia. 

filnu — Were  made  from  all  the  principal  organs. 

Those  from  the  spleen  shewed  I-eishmanin  in  large  numbers. 

Those  from  the  cavities  in  the  right  lung  shewed  a  large  amount 
of  a  fungus  of  aspergiilus  type. 

The  left  lung  shewed  large  numbers  of  cocci  of  diflerent  types  and 
a  small  quantity  of  aspergiilus  mycelium. 

CxUures — Were  made  of  all  the  principal  organs  and  those  from  the 
right  lung  grew  an  abundance  of  greenish  fungus  which  qmckly  overgrew 
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the  niediiira.  A  large  number  of  aerial  hyphsc  appeared  giving  the 
culture  a  soft  felted  appearance  and  later  the  whole  changed  into  a  dark 
almost  black  mat.  The  fungus  was  readily  cultivated  on  a  variety  of 
media  particularly  on  those  containing  sugars.  In  fluid  media  it  formed 
a  thick  green  pellicle  leaving  the  underlying  fluid  clear. 

Animal  Experiments. — Pigeon.  The  sporing  fungus  on  agar  was 
shaken  up  with  norinal  saline  and  injected  into  the  muscles  of  the  bird's 
leg.  A  month  later  the  bird  was  killed  though  it  shewed  no  signs  of 
disease.  A  nodular  thickening  of  the  injected  muscle  was  found  and 
when  this  was  sectioned  there  was  found  a  local  developmeiit  of  the 
aspergillus  mycelium  ramifying  amongst  the  muscle  fibres.  The  other 
organs  were  not  found  to  be  aiJected. 

Rabbit. — The  material  was  introducid  into  the  peritojieal  cavity  and 
the  animal  was  killed  a  month  later  though  it  shewed  no  obvious  signs  of 
disease.  The  peritoneum  was  imchanged  but  the  abdominal  lymph 
glands  were  found  to  be  enlarged  and  to  exhibit  small  caseous  areas. 
Films  from  these  areas  shewed  the  presence  of  abundant  aspergillus 
mycelium  and  sections  revealed  the  fact  that  the  fungus  had  invaded  the 
gland  substance  to  a  considerable  depth  around  the  caseous  patches. 

Sections  from  the  human  lung  {Plates  LXVI  and  LXVIl). — An 
extensive  invasion  of  the  lung  tissue  was  observed  which  penetrated 
for  a  considerable  distance  around  the  inflamed  areas.  The  mycelium 
ramified  chiefly  in  the  alveolar  interspaces  and  projected  into  the  alveoli 
themselves;  the  lung  tissue  was  in  a  condition  of  chronic  fibrosis  whilst 
iji  the  neighbomhord  of  the  abscess  cavities  the  tissues  were  partially 
liquified  and  converted,  into  a  collection  of  pus  cells,  fragments  of 
mycelium  and  some  black  pigment  granules  presumably  of  fungus 
origin. 

The  history  of  the  case  and  the  post  mortem  findings  make  it  highly 
probable  that  the  aspergillus  infection  of  the  lung  was  not  merely  a 
terminal  infection  but  one  of  long  standing  perhaps  dating  from  the 
very  beginning  of  the  clinical  symptoms.  Whether  it  was  primary, 
secondary  or  coincident  to  the  Kala-azar  infection  it  is  impossible  to  say. 

Two  Cases  of  Strkptotjirix  Infection  of  rnB  Brain. 

Case  II.— Private  E.  had  been  four  months  in  Mesopotamia  and 

previously  one  month  in  India.     Soon  after  arriving  in  Mesopotamia 

he  developed  irregular  fever  w  ith  headache  and  retro-orbital  pain.    There 

was  no  history  of  any  tropical  disease  except  that  he  gave  a  history  of 
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ExKUkNATiOM  w  Pi^Te  LXVI 


Aspergillosis  of  the  lung. 

The  portion  adjoining  an  abs<;ess  cavity. 

(a)  Remaina  of  lung  alveoli  filled  with  mycelium  and  purulent  debris 

(b)  Massive  invasion  of  the  inter-alveolar  septa  by  the  fungus. 
Magnification-- X  82  Std.  hwmatoxylin  and  coaiiw. 
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.guul  edi  }o  eiaoIIigisqnA 
.^iiveo  essoeds  ae  ^aiaio[bB  noi^oq  eAT 
ahdab  Jaslmuq  baa  niuiJso'^ni  riiiw  bsM  iloavlBgnui  lo  enismeH.  (a) 
.wgnui  »di  yd  aiqaa  laloavJii-isinr  adi  lo  noiasvai  sviaasM  (6) 

.9ncao3  baa  nihxoiiuni»ii  .b)S  S8  X  =noiijBo3in§BM 


Plate  LX\  1 


EXILANATION    (If     IYaIE    LXVIJ. 


Higher  magnification  of  the  above. 

Shews  a  portion  of  an  iut«r-alveolar  aeptuin  invaded  by  the  aspergillus 
fungus  which  is  projecting  int-o  the  alve<ilus. 

Magnification       s  2K).     Usematoxyliu  and  eosine 
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Platk  LXVll. 


Platk  LXVIII. 


.IIIVXJ    STAJI    mo    HOITAKiLj4X3 


xndlo}q»Xt8    gniwsile    sasoede    l^idsiso    sdl  inoii  «uq  io  »Iua«is    A 


Explanation  of  Plate  LXVIII. 


A    granule  of  pus  from  the    cerebral    abscess    shewing    streptothrix 
mycelium. 


Plate  LXIX 
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Explanation  of  Plate  LXJX- 


Section  fiom  the  brain  abscess  shewing  the  streptothiix  ramifying  in 
the  margin  of  the  cavity. 
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passing  d>'sentery-like  stools  and  during  his  stay  in  hospital  Entamaba 
Histohjtun  were  found  in  his  fipces.  The  oidy  marked  clinical  feature 
was  drowsiness  and  mental  hebetude.  No  physical  signs  were  found  in 
any  of  the  viscera.  lie  was  in  hospital  for  three  weeks  and  during  that 
time  had  irregular  fever  which  during  the  last  week  oscillated  between 
102  and  104.  He  became  increasingly  drowsy  and  died  in  a  comatose 
state. 

The  usual  pathological  examinations  were  made  during  life 
without  throwing  any  light  on  the  cause  of  his  symptoms. 

The  total  leucocyte  count  was  11,000  per  cm.  of  which  65  per  cent, 
were  polymorphs,  21'5  per  cent  small  mononuclears,  8  per  cent  large 
mononuclears,  4-5  per  cent  transitional  and  1  per  cent  were 
eoainophiles. 

The  pist  mortem  examination  was  made  a  few  hours  after  death. 

.\ll  the  organ.s  e.\cept  the  brain  were  healthy. 

The  pia-arachnoid  was  congested  and  lustreless  and  the  membranes 
were  adherent  by  recent  but  not  fre.sh  lymph  especially  at  the  sulci  and 
along  the  fissure  of  Sylvius. 

There  were  .several  soft  bulging  areas  in  the  cortex  which  were 
found  on  section  to  be  abscess  cavities  containing  some  glutinous 
greenish  pus.  One  cavity  the  size  of  a  chestnut  was  situated  near  the 
anterior  end  of  the  caudate  nucleus  and  had  burst  into  the  lateral 
ventricle  both  of  which  contained  thin  semipurulent  fluid.  No  granules 
were  seen  in  the  pus  such  as  are  met  with  in  actinomycosis. 

On  microscopic  examination  of  the  pus  a  large  amount  of 
streptothrix  mycelium  was  seen  ramifying  in  the  pus.  (Vide 
Plate  LXVIII.)  The  fungus  grew  well  on  most  laboratory  media 
especially  those  containijig  sugars  such  aa  saccharose  and  glucose  but 
the  cultures  were  contaminated  with  a  saprophytic  bacillus  present  in 
the  abscess  cavities. 

In  later  cultures  the  fungus  broke  up  into  small  segments  and 
finally  into  minute  coccoid  granules.  Animal  experiment  was  attempted 
but  the  guinea-pig  died  a  few  days  later  of  secondary  bacterial 
infection. 

The  pus  was  carefully  searched  but  no  entamoeba)  were  found. 
Sections  of  the  wall  of  the  brain  abscess  (Vide  Plate  LXIX)  shewed 
chronic  inflammatory  changes  with  degeneration  and  destruction  of  the 
cortical  cells.  The  walls  of  the  abscess  were  composed  of  partially 
liquified  tissue  in  which  was  ramifying  a  tangled  mass  of  streptothrix 
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mycelium  and  thin  penetrated   for   some   distance    into   the  cerebral 
eubstance  around  the  cavity. 

Case  III. — Private  F.  was  in  hospital  for  six  weeks  with  recurrent 
fever  of  an  intermittent  type. 

He  had  been  28  months  in  Mesopotamia  and  previously  7  years  in 
India.  He  had  suffered  recently  from  headaches  and  pain  in  the  ryes 
and  had  had  bouts  of  fever  from  time  to  time.  Previous  to  admission 
he  had  had  dysentery  and  more  recently  benign  tertian  malaria  and 
a  nonvirulent  type  of  diphtheria.  In  the  early  stages  of  his  illness  in 
hospital  he  shewed  a  high  leucocytosis  which  was 

Total  leucocyte  count  47,000  per  cm. 

Polynuclears  92- 5  per  cent. 

Small  mononuclears  5"0  per  cent. 

Large  ,,  2' 5  per  cent. 

His  temperatm-e  rose  rapidly  a  few  days  before  death  and  he  became 
comatose  and  died  from  what  was  believed  to  be  heatstroke. 

At  the  autojisy  all  the  abdominal  and  thoracic  viscera  were  found 
to  be  normal. 

'I'here  was  an  abscess  the  size  of  a  chestnut  occupying  the  jxmction  of 
the  crura  cerebri  and  the  pons. 

The  cavity  contained  thick  greenish  pus  which  on  microscopic 
examination  shewed  abundant  streptothrix  mycelium.  Plate  LXX 
depicts  the  delicate  type  of  branching  mycelium  found  in  this  case 
which  was  similar  to  that  found  in  Case  II.  No  ama?bfe  were  found  in 
the  pus. 

Sections  of  the  wall  of  the  cavity  shewed  appearances  very  sinular  to 
those  seen  in  Plate  LXIX  from  the  last  case.  The  mycelium  was 
growing  in  the  abscess  wall  and  ramifying  for  some  distance  into 
the  inflamed  cerebral  tissue. 


ExpLAKAnoM  or  Plati  LXX. 


Myoelial  tragment  from  the  pontine  abecess  in  Case  II. 
Plates  III,  IV  and  V,    all  drawn  at  a  magnification   of  820  diametera 
and  all  stained  by  Gram's  noetbod. 
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XV      SALICYLIC  ACID  AND  ITS  DERIVATIVES 

Hermann,  of  Monh,  in  Belgium,  is  rc|)oited  to  have  treated  HOine 
cases  of  ankyloHtomisHis  with  a  mixture  containing  oil  of  \vintergreon 
2  gramnie.i-  chloroform  3  graimues-,  and  cantor  nil-40  graminoH   ,  but 
no   mention   is    made    of   the    results    obtained    from   tliis    mode    of 
treatment.' 

Oleum  GauUheriae. 
Oil  of  wintergreen  is  distilleil  from  the  leaves  of  Gaullheria  procuw 
hens,  Linn.,  r)r  frr)ni  the  bark  ol  Betnl/i  tenia,  Linn.  It  i.s  a  colourles.-*  or 
almost  colourieKs  liquid,  with  a  .strong  characteristic  odour  anda  pungent 
taste  ;  specific  gravity  :  1180  to  ri87  ;  boiling  point  :  218°  to  221°  C. ; 
optical  rotation  at  25°  C.  :  0°  t/t  1°;  refractive  index:  r637  to 
(     787     ) 
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1'539  ;  soluble  in  6  parts  of  alcohol  at  70  per  cent.  It  contains,  when 
pure,  about  99  per  cent  of  methyl  salicylate. 

The  oil  we  used  vvas  found  to  conform  to  the  reactions  and  tests  giv^en 
in  the  PharmacopoBia.  It  contained  98'5  per  cent  of  methyl  salicylate, 
and  traces  of  an  aldehyde. 

As  a  test  treatment  the  drug  was  administered  together  with  castor 
oil  in  gum  acacia  emulsion  in  two  portions  at  half  an  hour's  interval. 
The  alimentary  canal  had  previously  been  prepared  by  purgation 
with  magnesium  sulphate. 


T.'iBLE     I. 

Number  of  hookworms  removed  by  one  'test  treatment '  o/ Oleum  Gaultheriae. 
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20 

(  Test  treatment     . . 
1  Subsequent     treat- 
1       ments. 
I  Total  hookworms . . 

4 
29 

1.59 
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13-3 

501 

46-5 

33 
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*  Invariably  60  grains  thy.nol. 

As  may  be  gathered  from  Table  I  oil  of  wintergreen  has  well  marked 
anthelmintic  properties.  Its  action  is  vermicidal  for  most  of  the  worms 
are  expelled  dead  and  in  a  state  of  flaccidity.     It  is,  however,  ineffective 
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for  the  removal  of  sucli  jioii-bursated  nematodes  as  .Ixcaris  and 
Trichiuris  :  thirteen  of  out  cases  were  infected  with  ascaris  and  nine  with 
trichiuris,  but  none  of  them  passed  worms. 

Oil  of  wintergreen  is  a  safe  drug  and,  with  the  exception  of  two 
cases  who  complaLned  of  giddiness,  the  trcatnient  was  well  borne.  No 
after  effects  were  noticed. 

Methylis  salicylas. 
The  mode  of  treatment  was  exactly  the  same  as   that    previously 
adopted  when  working  with  the  oil.     .\s  was  to  be  expected  from  the 
composition  of  oil  of  wintergreen  the  anthelmintic  value  of  pure  methyl 
salicylate  is  practically  the  same  as  that  of  the  oil. 

Table  11. 


Number  of  hookworms   removed  b>i  one  'test  treatment'  of 
Mothylis  salicylas. 
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24 
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50-8 

6 

566       572 

The  following  points  may,  however,  be  noted  :— 1.  None  of  twelve 
trichiuris  infected  cases  passed  worms,  but  two  of  fifteen  ascaris  infected 
cases  did  :  2.  all  the  hookworms  expelled  were  dead  and  flaccid  ;  3.  the 
total  absence  of  toxic  symptoms  shows  that  the  aldehydic  content  of  the 
oil  was  probably  rpsponsible  for  the  giddiness  recorded. 
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Methyl  salicylate  is  formed  by  substituting  methyl  for  hydrogen  in 
the  carboxyl  group  of  salicylic  acid. 


SALICYLIC     ACID 


METHYL      SALICYLATE 


Pharmacologically  methyl  salicylate  belongs  to  one  of  the  two 
groups  of  substances  known  as  '  partial  salols  ': — -a  group  of  esters  in 
which  an  active  (aromatic)  acid  is  esterified  with  an  inert  hydro xylic 
substance  (alcohol),  and  which  on  hydrolysis  liberate  the  alcohol  and  the 
acid-  Thus  methyl  salicylate  breaks  down  in  the  intestine  with  the 
liberation  of  salicylic  acid,  and  its  physiological  action  is  that  of  the 
acid  minus  its  toxicity. 


CO«OM     +    CH     .OH 


METHYI.    SALICYLATE 


SALICYLIC  ACID 
(,  active  ) 


METHYL  ALCOHOL 
(mei-t) 


'I  he  question  which  naturally  arises  here  is  whether  the  anthelmintic 
properties  of  methyl  salicylate  are  due  to  the  liberation  of  free  salicylic 
acid  in  the  duodenum  or  whether  the  ester  itself  exerts  a  specific  anthel- 
mintic action  in  the  unhydrolyzed  state. 

ACIDUM  SALIOYLIOUM. 

Pure  salicylic  acid  was  administered  in  two  portions  at  an  houi-'s 
interval  on  an  empty  stomach  following  upon  an  overnight  purgation 
with  magnesium  sulphate.  Two  hours  after  the  administration  of  the 
second  portion  of  the  drug  the  bowels  were  washed  with  magnesium 
sulphate.  This  mode  of  treatment  was  also  followed  later  when  working 
with  salol,  betol,  and  aspirin. 
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Xo  toxic  symptoms  developuil,  nor  wcic  iiiiy  after  t'ffcit.s  Jiotiiud. 

Tablk  111. 

Miiinber  of  hookworms  rttiuived  by  one  '  leal  Ireuliiifiil  '  of  Aiiiiiim 
salicylicuiii. 
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'I'he  results  prove  that  salicylic  acid  is  ineffective  against  hookworms. 
Of  nine  cases  who  were  found  infected  with  ascaris  one  passed  worms,  but 
the  three  trichiuris  cases  showed  no  response  to  the  drug. 

It  follows  from  this  that  methyl  salicylate  exerts  a  specific 
anthelmintic  action  in  the  unhydrolyzed  state.  ^Vnd  the  striking 
behaviour  of  salol  gives  full  support  to  this  conclusion. 


Phenylis  salicylas. 

•    I     Salol    is  obtained  from  sahcylic  acid  by  substituting  phenyl    for 
hydrogen  in  the  tarliO.xyl  group. 


SALICYLIC    ACID- 
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Salol  is,  therefore,  an  ester  resulting  from  the  combination  of  two 
physiologically  active  substances  :  phenol  and  salicyUc  acid.  The  ester 
on  hydrolysis  in  the  intestine  thus  liberates  two  powerful  antiseptics. 


SALICYLIC    ACID 


PnENOu 
factlve) 


All  om'  37  cases  stood  the  treatment  remarkably  well,  and  neither 
salicylic  acid  intoxication  nor  phenol  poisoning  tvere  produced. 

Table  IV. 

Number  ofhoohwor^ns  removed  by  one    test  treatment '  o/Phenylis  Salicylas 

(Salol). 
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Table  IV  calls  for  no  explanation.  If  we  add  that,  of  eleven  caseB 
who  harboured  ascaris  and  seven  who  harboured  triihiuris  none  passed 
worms,  the  total  absence  of  anthelmintic  properties  in  salol  is  evident. 

Castellvi  had  already  noted  the  inefticiency  of  salol  in  the  treatment 
of  ankylostomiasis.' 

Betol. 

If  we  combine  betanaphthol  with  salicylic  acid  through  the  agency  of 
phosphorus  oxychloride  we  obtain  the  salicylic  ester  of  betanaphthol 
known  as  '  betol.'  This  compound  may  be  looked  upon  as  formed 
either  (1)  by  substituting  naphthyl  for  hydrogen  in  the  carboxylgrou]) 
of  salicylic  acid,  or  (2)  by  substituting  salicyl  for  hydrogen  in  the 
hydroxyl  radical  of  betanaphthol,  or  again  (3)  by  substituting  naphthyl 
for  phenyl  in  the  molecule  of  salol. 


SALICYLIC       ACID 


Pharmacologically  betol  is  a  true  salol  which  on  hydrolysis  in  the 
intestine  breaks  down  with  the  liberation  of  free  salicylic  acid  and  free 
betanaphthol. 


S*l.<CVLfC    ACID 
(.Clv.l 


BE  TANAPMTmOl 


Betol   proved   ineffective  against  hookworms-'iu  cases-,  ascaris  4 
ca.se3  ,  and  trichiuris-S  cases. 
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Table  V. 

Number  of  liookworitvs  retnoued  by  oit^  "  test  treatment  "  of  Betol. 
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As  30  and  60  grains  doses  of  betel  mu-st  have  liberated  16  and  32 
grains,  respectively,  of  free  betanaphthol  in  the  duodenum,  the  absence 
of  vermicidal  and  vermifugal  properties  leads  us  to  admit  that  : — 1.  the 
esterification  of  betanaphthol  destroys  the  anthelmintic  action  of  that 
substance  ;  2.  the  '  salol  principle  '  cannot  be  extended  to  anthelmintics. 

ACIDUM  ACETYLSALICYLICUM. 

Salicylic  acid,  owing  to  the  presence  of  the  hydroxyl  as  well  as  the 
carboxyl  groups,  can  play  the  part  of  both  phenol  and  acid.  Thus  when 
acetic  anhydride  or  acetyl  chloride  reacts  \vith  salicylic  acid  at  high 
temperatures  acetyl  salicylic  acid,  or  aspirin,  is  formed  by  substitution 
of  acetyl  for  the  hydrogen  in  the  phenolic  hydroxyl  of  the  acid. 


SALICYLIC     «  C I O 
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.\.spinn  is  a  '  partial  salol  '  of  the  second  type  : — an  ester  in  which 
an  active  hydroxyl  compound  (alcohol  or  phenol)  is  esterified  by  an 
inactive  acid,  and  whose  action  therefore  resembles  that  of  tiie  alcohol 
or  phenol,  the  sodium  salt  of  the  acid  being  inert. 


SALICYLIC  AGIO 
(  active) 


ACETIC    AGIO 
(inert) 


We  already  know  tJiat  salicylic  acid  has  no  anthelmintic  value. 
'Chat  aspirin  has  no  specific  anthelmintic  properties  may  be  seen  from 
Table  VI. 

Table  VI. 

Number  of  hookworms  ronoved  by  otie  '  test  treatment '  of  Acidum  Acetyl- 
salicylicum  (.Ispirin). 


-a 
1 

& 

JS 

a 

9 

Pekcentaoe  of 

HOOKWOKMS                     "-™r 
KEMOVEU.              ^         ^„^   ^   .  ,^„ 

1          IREATMENT.' 

Test  treatment. 

A.  duodenale, 
N.  americanus. 

A.  duodenale 

and 
N.  americanus. 

A.  duodenale. 

9 

i 

c 

1 

ll-C 

3U  grains 

j  Test  treatment     . . 
jg    1  Subsequent     treat- 
'l       menta. 
V  Total  kwkworms. . 

0  1        0 
36       231 

0       0-0 
267 

0-0 

01) 

36       231 

267 

Three  of  the  cases  were  found  infected  with  ascaris  and  eight  with 
trichiuris,  but  none  expelled  worms. 


Benzonaphthol,  tuymotal,  ductal. 
Though  these  substances  are  not  derivatives  of  salicylic  acid,  we 
think  their  properties  ought  tc  be  discussed  here  for  (1)  they  are  phenols 
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converted  into  esters  or  carbonates  according  to  the  '  salol  prijiciple,' 
and  (2)  they  have  been  either  used  or  recommended  for  the  treatment  of 
ankylostomiasis. 

Benzonaphthol  is  derived  from  betanaphtiiol  by  substituting  benzoyl 
for  hydrogen  of  the  hydroxy!  gioup.  Jt  is  hydrolysed  in  the  organism  to 
benzoic  acid  and  betanaphthol. 


BENZONAPHTHOL 


Castellvi  used  benzonaphthol  for  the  treatment  of  ankylostomiasis 
and  reported  that  the  drug  '  appeared  useless  and  had  no  response  in  the 
patients.' 

'Our  conclusion  is,  therefore,  that  wth  the  introduction  of  the  benzoyl 
group  and  the  disappearance  of  its  phenolic  character  betanaphthol  has 
lost  its  vermicidal  properties  :  a  conclusion  supported  by  the  behaviour 
of  betol  in  our  hands. 

Thymol  carbonate,  known  as  "  thymotal '  or  '  thymol  urethane,'  is 
prepared  by  the  action  of  carbonyl  chloride  on  an  alkaline  solution  of 
thymol 


ONa+-Cl-CO-Cl   -t-Na   0 


SODIUM      THYMOLATE. 

and  on  hydrolysis. 

CH,  CH, 


OM         HO 


THYMOTAL 
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It  was  at  first  claimed  that  this  substajice  is  as  effective  as  thyiiuil 
against  anchvlostoma'  ;  but  Calmotteand  Bnton  declared  it  to  be  useless,- 
and  iScluiffner  who  treated  96  cases  with  thymol  in  5 — 25  grammes 
dosages  found  that  only  2*4  per  cent  of  the  hookworms  were  expelled.' 

These  results  point  again  to  the  loss  of  anthelmintic  properties 
following  u|>on  the  suppression  of  phenolic  grotips,  and  clearly  exhibit 
that  the  vermicidal  value  depends  upon  a  specific  action  of  the  substance 
in  the  uiihydrolysed  state. 

The  action  of  carbonyl  chloride  on  an  alkalijie  solution  of  guaiacol 
leads  to  the  formation  of  a  carbonate  known  as  '  duf)tal.' 


♦  Cl  -CO-Cl    ♦  < 


\/ 


ol^.,.. 


OU»i»COl.»TE 


Dock  and  Bass'*  speak  of  guaiacol  carbonate  as  having  been  recom- 
mended for  the  treatment  of  ankylostomiasis  ;  but  we  could  find  no  other 
mention  of  the  drug  in  the  literature.  We  need  not  wonder  at  this  for, 
in  the  light  of  our  work,  the  chemical  coastitution  of  duotal  spells 
failure. 

Table  VII. 


CoinjKirative  Summari/  of  Results. 


Total 

HoukwunuK 

I'ercootage  of 
liookwomiH 

I  >riig. 

]><  triage. 

Number 
of  c»»cs. 

ilookwonii 
content. 

• 

1      removed 
1    with  a  tost 
'   treatment. 

removed  with 

a  tcM 

treatment. 

Salioyiic  acid 

30  graini 

IS 

201 

.2 

I-O 

.\cid  acetyl  ealicylic 

30       „ 

15 

2fi7 

0 

0-0 

(Ajipihn). 

Mpthvl  salicylate.. 

30  iuiiiim.1 

15 

241 

45 

lH-(i 

Kalol' 

00  grains 

15 

331 

0 

0-0 

Bctol 

30      „ 

10 

514 

0 

0-0 

Bouoapbthol 

10      „ 

22 

124!j 

293 

23  -4 

B*K.l 

uo     „ 

4 

437 

2 

0  4 

Brtana|ihthul 

30       „ 

32 

1131 

slo 

71-2 

Tbj-motaP 

5-2o 
gTaimuM. 

9<i 

4824 

115 

2"4 

Thymol 

grammes. 

374 

13423 

12784 

l».'j-8       - 
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Conclusions. 

1.  Salicylic  acid  has  no  anthelmintic  properties. 

(a)  Esterification  with  acetic  acid  leads  to  the  formation  of  a 
compound  with  no  anthelmintic  value. 

(6)  Esterification  with  either  phenol  or  betanai^hthol  leads  to  the 
formation  of  compounds  with  no  anthelmintic  value. 

(c)  Esterification  with  methyl  alcohol  results  in  the  formation  of  a 
compound  with  well-marked  vermicidal  projjerties. 

2.  Esterification  of  either  thymol  or  betanaphthol  results  in  the  loss 
of  the  vermicidal  and  vermifugal  properties  of  those  two  very  potent 
anthelmintics. 

3.  Anthelnuntic  action  is  specific. 

4.  The  so-called  '  salol  principle '  cannot  be  extended  to 
anthelmintics. 
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DELAYED  CURES  IN  THE  TREATMENT  OF 
HOOKWORM  INFECTION. 


Dr.  K.  S.  MHASKAR,  m.d.,  m.a.,  b.sc,  d.p.h.,  d.t.m.  &  n. 
Officer  in  diarge.  Ankylostomiasis  Inquiry  in  the  Madras  Presidency. 

(Receivi'd  for  publication.  August  18,  1921.) 

In  the  course  of  my  inquiry  into  the  treatment  of  the  Hookworm 
Infection  I  came  across  infected  cases  who  passed  no  worms  after  the 
administration  of  the  anthelmintic  and  continued  being  infected  as 
shown  by  the  presence  of  ova  in  their  stools.  As  seen  in  Table  I,  some 
of  the  cases  received  three,  four,  and  even  five  treatments  without  any 
worms  being  removed. 

Table  I. 

Hookworm  infected  cases  who  showed  no  worm  removal  in  spite  of 

repealed  treatments. 


• '<v»i'  iiumbcf 

1st 
Treatment. 

2iid 
Tfeatment. 

3rd 
TreatmoDt. 

4th 
Treatment. 

5th' 
Treatment. 

(«) 

(t) 

(a) 

(i) 

(«) 

(6) 

(a) 

(6) 

+ 

+ 
+ 

+ 

+ 
+ 

(o) 

(6) 

5561 
6321 
647.T 
6.VM 

(K>9I 

invtr, 

6621 
6832 
6982 
7320 

0 
0 
0 

3 
0 
0 

1 
48 
16 

+ 

+ 

.  + 

+ 
+ 
+ 
+ 

+ 

1 
0 
0 
57 

1 
0 
0 
5 
22 
0 

+ 
+ 
+ 
+ 
+ 
+ 

+ 

+ 
+ 

0 
0 
0 
0 
0' 
0 
0 
0 
0 
0 

+ 

+ 
+ 

+ 
+ 
+ 
+ 

0 

6 

0 
0 

2 

0 

0 

0 
0 

0 
0 
0 

- 

(ci)=Number  of  hookworms  removed  after  treatment. 
(6)=0va  Infection  twelve  days  after  treatment. 
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Tablk  I. — contd. 


1st 

2nd 

3rd 

4th 

5tli 

Treatment. 

Treatment. 

Treatment. 

Treatment. 

Treatment. 

Case  number. 

(a) 

(t) 

(a) 

(i) 

(«) 

(i) 

(a) 

(i) 

(a) 

it) 

7335 

U 

+ 

0 

+ 

0 

+ 

0 

7467 

84 

+ 

0 

+ 

0 

+ 

0 

+ 

0 

— 

7602 

5 

+ 

0 

+ 

0 

+ 

0 

— 

7803 

109 

+ 

0 

+ 

0 

+ 

0 

— 

6635 

2 

+ 

18 

+ 

0 

+ 

0 

+ 

0 

+ 

7089 

I 

+ 

f) 

+ 

0 

+ 

0 

+ 

0 

+ 

7208 

4 

+ 

2 

+ 

0 

+ 

0 

+ 

0 

+ 

7221 

0 

+ 

0 

4- 

0 

+ 

0 

+ 

•• 

(o)=Number  of  hookworms  removed  after  treatment. 
(6)=0va  Infection  twelve  days  after  treatment. 

Thymol  iji  doses  of  60  grains  was  generally  used,  but  was  often 
alternated  with  5U  grains  betanaphthol.  The  drug  was  administered  in 
two  portions  at  an  houi'"s  interval.  The  treatment  was  preceded  and 
followed  by  a  dose  of  Epsom  salts  and  tto  food  was  allowed  ujitil  the  bowels 
had  moved.  The  stools  passed  after  treatment  were  collected,  washed., 
and  examined  for  five  days.  Half  a  c.c.  of  fecal  matter  was  thoroughly 
searched  for  hookworm  ova,  by  the  centrifuge  method,  twelve  or  more 
days  after  the  treatment,  and  if  found  infected  the  case  was  immediately 
given  another  treatment. 

Most  of  the  cases  did,  however,  get  cured  in  the  course  of  time. 
As  an  explanation  it  occurred  to  me  that  an  anthelmintic  may  react 
on  the  parasite  in  various  ways.  Some  of  the  worms  may  be  killed 
outright,  and  some  may  be  sufficiently  stunned  to  be  washed  away  by  a 
purgative.  Others,  however,  may  be  so  slightly  ali'ected  as  to  revive  and 
fix  themselves  in  the  lumen  of  a  lower  portion  of  the  intestijie  where 
they  will  carry  on  their  ovulating  function.  These  worms  are  thus 
beyond  the  reach  of  the  anthelmintic  and  safe  from  its  baneful  effects 
whatever  be  the  number  of  treatments  ;  but  removed  from  their  elective 
site  and  placed  in  uncongenial  surroundings  they  must  soon  die  a 
natm'al  death.  If  this  smmise  is  correct,  some  of  the  cases  that  pass 
no  hookworms  on  treatment  and  yet  show  infection  under  the 
microscope  twelve  days  later,  ought  to  get  cm'ed  without  any  further 
treatment. 

All  such  cases  were,  therefore,  kept  under  observation.  The 
diagnosis  of  the   cure    was   made   more  rigid,    being  based   on   fom- 
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examinations  of  half  a  c.c.  of  stool — two  consecutive  days  of  two 
consecutive  weekjs.  Examinations  were  rejjeated  for  all  cases  at 
intervals  of  about  a  fortnight.  The  results  are  recorded  in 
Tables  II,  111.  IV,  and  V. 

Table  11. 

Casei  found  infected  on  the  twelfth  da<j  after  the  hist  treatment  and  showiyig 
'  delayed  cure.' 


Hookworms  removed  at  each 

Caat-  iiuiutHr. 

TREATMENT. 

Time  of  cure 
after 

Time  when 

Ist 

2nd 

3rd 

4th 

5th 

treatment. 

examined. 

6290 

2 

0 

0 

_ 

46th          day 

46th        day 

7878 

0 

7 

0 

6 

54th 

247th 

8017 

0 

5 

29 

0 

6 

30th 

217th 

8186 

16 

0 

44th 

224th 

8216 

0 

93 

6 

0 

30th 

198th 

8244 

0 

132 

1 

2 

42nd 

183rd 

8362 

0 

45 

o 

4oth 

122nd 

8576 

0 

7 

0 

67th 

127th 

8587 

0 

23 

0 

44th 

128th 

8639 

0 

0 

38th 

124th 

8795 

4 

12 

0 

6 

01st 

95th 

8850 

0 

0 

21gt 

75th 

8800 

2 

58 

i 

i 

37th 

37th 

8901 

0 

7 

0 

•  •-. 

74th 

74th 

The  cases  showTi  in  Table  II,  though  still  infected  after  the  laat 
treatment,  were  found  cured  without  any  further  treatment  after  a  period 
varying  from  thrte  to  ten  weeks  and  have  remained  so  to  this  day. 

Tablk  111. 
CVww  lohu  nhoioed  '  delayed  cure  '  and  left  Jail  cured. 


Hookworms  removed  .vt 

EACH 

treatment. 

Time  uf  cure 
after 

Time  when 
last 

Ut 

2nd 

3id 

4th 

6th 

treatment. 

examined. 

7827                       ..   1     11 

0 

3           1 

0 

28th     .     day 

67th          day 

8070 

1 

0 

44th 

44th 

8109 

0 

186 

4         i 

45th 

45th 

8211 

0 

1 

0           0 

29th 

29th 

8223 

0 

21 

0           0 

6 

30th 

1 35th 

8490 

u 

113 

1 

49th 

60th 

819.-. 

0 

88 

0 

42nd 

06th 

8509 

. 

0 

117 

0 

40th 

66th 

8590 

0 

20 

0 

44th 

66th 

HMi 

0 

3 

0 

40th 

Ofith 

8611 

0 

1       (.  ;   .. 

30th 

UOth 

8631 

0 

" 

36th 

6Uth 

• 
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<  Table  IV. 

Cases  who  showed  '  delayed  cure  '  followed  hy  infection. 


Case  number. 

•  Hookworms  removed  at  each 
treatment. 

Time  of  cure 

after 
treatment. 

Time  of  •  re- 

Ist 

2Dd 

3rd 

4tli 

infection.' 

7797 

0     i          4 

2 

0 

38th          day 

212th      day 

8017 

0             16 

0 

0 

43rd 

126th 

8144 

0     1         45 

2 

72nd 

154th 

8222 

0    :        12 

0 

■■ 

42nd 

128th 

8407 

49 

4 

0 

43id 

74th 

8554 

16 

85 

0 

55th 

134th 

In  Table  IV  are  recorded  six  cured  cases  who  became  subsequently 
reinfected.  This  Table  cannot,  however,  be  taken  as  an  index  of  reinfec- 
tion, for  some  of  the  convicts  who  left  the  Jail  cured — Table 
III — might  have  been  reinfected. 

Table  V. 
Cases  who  did  not  shoio   '  delayed   ciire.' 


Hookworms    removed  at   each 

treatment. 

Time  when 

1st 

2nd 

3rd 

4th 

examined. 

8056 

0 

23 

0 

0 

214th        day 

8235 

0 

144 

0 

90th 

8344 

3 

20 

3 

140th 

8387 

18 

4 

0 

55th 

8583 

1 

21 

0 

131st 

8585 

1 

80 

0 

118th 

8680 

8 

6 

0 

99th 

8700 

9 

0 

0 

94th 

8703 

0 

4 

0 

102nd 

8708 

1 

1 

0 

102nd 

8861 

0 

1 

0 

55th 
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The  cases  sho\ni  in  Table  V  have  not  jct  been  found  cured. 

In  the  light  of  the  above  results  it  would  seem  that  repeated 
treatments  are  not  absolutely  necessary,  and  that  all  that  is  required  is  an 
effective  first  treatment.  An  attempt  was  then  made  to  effect  cures 
after  one  single  treatment  with  an  anthelmintic  in  (1)  optimum,  and  (2) 
inadequate  dosages.  Betanaphthol  was  given  to  two  series  of  cases  in 
doses  of  50  and  30  grains  in  a  single  portion,  without  any  purgative. 
The  con%icts  were  taken  up  for  treatment  seven  weeks  after  their 
incarceration,  in  order  to  allow  a  possible  pre-jail  infection  to  develop 
in  the  intestine  and  not  vitiate  the  results  of  subsequent  microscopic 
examination.  Two  positive  ova  findings  in  the  stools  on  two  consecutive 
days  preceding  the  treatment  day  were  taken  as  an  index  of  hookworm 
infection.  Microscopical  examinations  after  treatment  were  carried 
out  as  detailed  above  for  cases  in  Table  II. 

Table  YL. 

■  I mmcdiale  '  and  '  delayed  '  cures  after  one  betanaphthol  treatment. 


Trcatmcut. 

Number 

of 

caacs 

treated. 

Cubes.            Pebcentaoe  of 

Time    taken 
fob  delated 

CUBE. 

Imme. 
diate. 

Delayed. 

S:  Toui. 

Mini- 
mam. 

llaxi. 
mum. 

BetjIsafthoi. — 
SO  giaini 
30      ,. 

30 
62 

22 
23 

3 
7 

73-3         83-3 
44-2         57-7 

36  days 
32    „ 

02  days 
08      .. 

Table  VI  shows  (1)  the  percentage  of  cures  immediately  following 
upon  treatment,  (2)  the  percentage  of  delayed  cures,  and  (3)  the  minimum 
and  maximum  number  of  days  required  for  the  delayed  cure.  Results 
with  30  grains  of  betanaphthol  show  that  inadequate  dosages  act  in  much 
the  same  way  as  optimum  dosages  in  bringing  about  delayed  cures. 


Conclusions. 

1.  In  addition  to  ha  immediate  vermicidal  action,  an  anthelmintic 
may  aLso  have  a  remote  action  on  the  worms. 

2.  This  remote  action  brings  about  '  delayed  cures.' 

3.  Except  in  proved  cases  of    reinfection,  a  treatment    winch  it 
known  to  be  efficient  need  not  be  followed  by  aoy  other. 


THE   DEMONSTRATION  OF  THE  CAPSULES 

OF  THE  PNEUMOCOCCUS  BY  A 

MODIFICATION  OF  BENIAN'S 

RELIEF  STAIN. 


Captain  R.  H.  MALONE,  m.d.,  i.m.s., 
On  special  duty  under  the  Indian  Research  Fund  Association. 

[Received  for  publication.  September  15,  1921.] 

The  presence  of  a  capsule  is  one  of  the  best  means  of  diflterentiating 
pneumococci  from  allied  organisms,  but  none  of  the  methods  of  staining 
capsules  gives  good  results  under  all  conditions.  The  method  which, 
hitherto,  I  have  found  to  be  the  simplest  and  best  is  that  of  Hiss,  but  even 
this  fails  to  demonstrate  capsules  after  a  freshly  isolated  organism  has 
been  subcultured  for  a  few  times,  sometimes  even  after  the  first  sub- 
culture. It  has  also  failed  on  many  occasions  to  demonstrate  capsules  in 
the  peritoneal  fluid  and  heart's  blood  of  rabbits  and  guinea-pigs  which 
have  died  of  a  pneumococcal  septicemia,  although  the  material  examined 
contained  abundant  pneumococci.  This  is  more  often  the  case  when 
old  stock  cultures  are  injected  into  animals  for  the  purpose  of  restoring 
virulence  than  when  comparatively  recently  isolated  cultures  are  used,  or 
again  when  very  heavy  doses  of  the  live  organisms  have  been  inoculated. 

Stitt  in  '  Practical  Bacteriology  Blood  Work  and  Animal  Parasito- 
logy,' 1915  Edition,  p.  37,  mentions  that  "  The  India  ink  method  of 
.staining  gives  good  results  for  capsules,'  and  in  the  British  Journal  of 
Experimental  Pathology,  1920,  1,  127,  an  India  ink  relief  stain  has  been 
described  in  detail. 

The  method  described  below  is  based  on  the  same  jirinciple,  but  gives 
more  constant  results  than  the  India  ink  method ;  its  value  in  the 
study  of  the  pneumococci  came  to  my  notice  early  last  year  during  the 
(     804     ) 
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pxaminatii'ii  of  a   iiumbor  uf  speiiiueiis  tif   pus  obtained  post-mortcni 
from  the  accessory  respiratory  sinuses  of  cases  of  influenza. 
The  methwJ  is  as  follows  :  - 

I.  Make  a  thin  smear  of  the  materinl  to  be  cxaniiiiwi. 
"2.     Fix  by  heat  and  allow  to  cool. 

3.  Pour  a  few  drops  of  2  per  cent  aqueous  Congo  red   over  the 

slide. 

4.  Stain  for  about  one  minute. 

5.  Drain  off  excess  of  stain  and  allow  the  tilni  to  dry  in  air. 

(If  a  thinner  tilni  of  stain  is  desired,  it  may  be  made  hv  ilrawing  a 
drop  of  Congo  red  over  the  slide  as  in  making  an  ordinary  blood  film.) 

6.  Treat  tlie  film,  when  dry,  with  1  per  cent    HCl  in    96    per 

cent  alcohol  for  a  few  .seconds. 

7.  Allow  to  dry  in  air. 

8.  Count erstain  with  0"5  per  cent  aqueous  nicthvl  violet    for 

about  one  minute. 

9.  Wash  off  excess  of  stain  with  tap  water. 

10.  Blot  or  allow  to  dry  in  air. 

II.  Examine  with  the  oil  immersion  lens. 

Before  treatmeiit  with  acid  alcohol  the  organisms  are  seen  poorlv, 
a.s  red  cocci  surrounded  by  a  faintly  stained  (pink)  capsule  on  a  red  back- 
ground. After  treatiiieat  the  back-grouad  becomes  blue,  the  organisms 
themselves  appearing  as  pale  blue  shadowy  figures. 

To  bring  out  the  organisms  clearly  a  method  of  counterstaiuiui'  is 
use<l.  Of  the  common  stains  I  have  found  methyl  violet  and  gentian 
violet  to  be  the  most  .satisfactory  ;  methylene  blue  .stains  the  organisms 
rather  poorly. 

The  value  of  the  method  lies  in  its  .simplicity  and  the  absolute 
certainty  with  which  capsules  can  be  demonstrateti.  It  has  never  failed 
to  show  the  capsules  in  the  peritoneal  fluid  or  heart's  blood  of 
inoculated  animals,  and  in  subculture  is  usually  successful  ulien  Hiss's 
method  fails.  There  is  no  heating  of  the  film  during  the  staining 
process,  and  presuin;ibly  therefore  little  alteration  in  the  size  and  shape  of 
the  capsules. 

The  coloured  Plate  LXXI  illustrates  the  appearance  of  a  lirst 
subculture  from  the  peritoneal  fluid  of  a  rabbit  inoculated  with  a 
stock  stain  of  pneumococcus  Type  1.  The  lavender  (olour  of  this 
back-ground,  the  violet  of  the  or<.!anisuis  and  the  stain  adherini;  to 
the  caps'des  are  well  shown. 


PRELIMINARY  NOTE  ON  SEPTIC  TANK 

LATRINES  IN  RELATION  TO 

HOOKWORM  DISEASE. 

BY 

J.  BORLAND  McVAIL,  m.r.c.s.,  l.r.c.p. 
(Calculla  Hchool  oj  Tropical  Medicine.) 

[Received  for  ijublioation,  July  22,  1921.] 

It  has  long  been  an  article  of  sanitary  faith  that  the  installation 
and  use  of  septic  tank  latrines  in  a  given  area  would  stop  the  direct 
sjiread  of  hookworm  infection  from  one  person  to  another  in  that 
area,  and  it  has  been  suggested  that  the  value  of  the  effluent  as 
manure  might  be  a  dividend  on  the  capital  expenditure  involved  in 
erection. 

The  reasons  for  the  belief  are  foiuided  on  the  kjiown  facts  that 
ankylostome  ova  have  a  higher  specific  gravity  than  \\ater  and  sink 
therein  if  the  water  is  still,  and  that  they  cannot  develop  in  the  absence 
of  oxygen  ;  when  deprived  of  this  they  die. 

It  is  perfectly  true  that  these  ova  can  experimentally  and  in  practice 
be  killed  by  drowning,  but  this  process  may  take  several  weeks.  They 
remain,  as  was  pointed  out  by  Looss,  capable  of  development  even  when 
they  have  been  shut  off  from  commiuiication  with  the  air  for  some 
time. 

The  water  in  a  septic  tank,  and  especially  in  an  overworked  septic 
tank,  is  by  no  means  at  rest.  In  the  liqviifying  chamber  great  bubbles 
of  gas  tear  up  from  the  bottom  carrying  with  them  fragments  of 
decomposing  feecal  material.  When  this  occurs  near  the  lip  of  the 
purifying  chamber  these  fragments  may  be,  and  often  are,  carried  over 
and  similar  reactions  are  set  up  in  the  second  chamber  :  so  that  in  an 
overworked  tank  partially  decomposed  faecal  material  may  even  escape 
on  to  the  filter  beds. 

(     806     ) 
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When  such  conditions  are  pictured  it  is  ohvious  tliat  there  is  iit 
least  a  possibility  of  the  escape  of  living  aiikylostonie  ova,  and  a  remoter 
chance  of  their  development  uito  larva".  With  the  permission 
of  Dr.  Bi'ntley,  Sanitary  Commissioner  with  the  Government  of  Bengal- 
Mr.  Dallis.  the  septic  tank  engineer  to  the  Department,  has  brought 
me  many  samples  of  septic  tank  effluent  taken  at  random  from  various 
jute  mills  and  other  factories  in  and  aroujid  Calcutta.  As  a  ride,  two 
samples  were  taken  at  the  same  time  from  each  tank,  one  of  the  fdtered 
effluent  and  the  other  of  the  uiifiltered.  Glass  stoppered  bottles  holding 
about  ten  ounces  each  were  lused  for  collection.  The  technique  of  the 
examination  was  the  same  in  all  cases.  The  samples  collected  iji  the 
early  morning  were  brought  to  my  laboratory  at  about  10  a.m.  The 
cont<'nts  of  each  bottle  were  decanted  into  separate  glass  vessels  and 
allowed  to  settle  for  twenty-four  hours.  At  the  end  of  this  period  all 
but  about  10  c.c.  of  the  liquid  was  s\'phoned  off.  The  remainder  was 
then  centrifugalized.  From  the  bottom  of  the  centrifuge  tube  about 
J  c.c.  was  sucked  with  a  rubber-bulbed  pipette,  and  this  was  spread 
upon  four  slides  for  examination.  It  was  found  advantageous  to  use 
coverslips,  so  that  the  high  power  might  be  switched  on  qtuckly 
when  examining  li\Tj»g  organisms.  During  March,  April  and  May 
a  total  of  107  specimens  were  examined.  Ciliated  protozoa  of  majiy 
genera  were  abimdant  and  a  large  nimiber  of  species  of  nematodes 
were  observed  :  while  it  was  with  human  satisfaction  I  discovered  a 
hook^'orm  egg  containing  a  fully  formed  and  living  embryo  in  the 
very  first  slide  of  the  series.  It  is  exceedingly  difficidt  to  distinguish 
positively  between  a  motile  newly  hatched  hookworm  larva  and 
a  parasitic  strongyloid,  whUe  some  of  the  young  larva?  found  seemed 
to  have  some  characteristics  of  both  :  but  this  difficulty  of  identification 
does  not  obtain  in  the  case  of  the  ovum  and  of  the  mature  (capsulated) 
hookworm  larva,  and  it  was  possible  to  say  definitely  that  of  the 
fifty-six  tanks  examined,  the  effluents  from  no  less  than  nineteen 
contained  eggs  or  larvae  capable  of  transmitting  hookworm  disease, 
while  fifteen  contained  roundworm  eggs,  and  one  showed  tape  worm 
eggs. 

Usually,   but  not  always,  the    eggs  were  found  in  the  imfiltered 
effluent  and  the  larva;  in  the  filtered  ;  but  ui  at  least  one  case  (Clive  Jute  . 
ilills  Tank  2)  an  undoubted  ripe   hookworni  larva  was  foimd  in  thy 
unfiltered  sp«ciinen,  indicating  that  development  had  probably  occurred 
in  the  tank  itself. 
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The  most  heavily  infected  specimens  came  from  tanks  which  were 
overworked  and  sludged  up  ;  but  this  condition  is  not  necessary,  for 
normally  worked  and  imderworked  tanks  also  gave  infected  effluents. 
It  must  be  remembered,  too,  that  the  volume  of  the  samples  was  at 
the  most  twenty  ounces  in  any  one  case  as  against  thousands  of  gallons 
of  effluent  daily  from  each  tank,  so  probably  some  infections  have 
escaped  notice. 

I  have  tried  the  effect  of  chlorination  and  find  that  a  small  trace 
of  free  chlorine,  sufficient  to  show  that  B.  Coli  have  been  destroyed, 
has  no  perceptible  effect  on  either  eggs  or  larvse.  The  questions  of  the 
possibility  of  designing  a  septic  tank  which  will  be  an  effective  trap  for 
hool™'orm  ova,  and  of  finding  a  practical  means  for  removing  larvse 
from  the  effluents  of  existing  tanks,  are  at  present  under  consideration 
and  I  hope  in  due  course  to  submit  a  further  note  on  the  matter. 

In  the  meantime,  and  imtil  some  method  has  been  found  for  freeing 
the  effluent  from  ova  and  larvse,  it  seems  clear  that  the  discharge  from 
septic  tank  latrines  in  hookworm  countries  should  not  be  used  directl7 
as  manure. 

[An  appendix,  giving  the  list  of  the  actual  tanks  examined  and  results,  has  not 
been  published,  but  those  interested  may  obtain  the  list  by  applying  to  the  Author 
at  th°i  SohoM  of  Tropical  Medicine  and  Hygiene,  Calcutta. — Ediinr.] 


A  NOTE  ON  SOME  CULTURAL   PHASES  OF 
LEISHMANIA    DONOVANl. 


Sob-Assistant  Sdroeon  BIRAJ  MOHAN    DAS  GUPTA, 
Pasteur  Institute,  Shilloug. 

[Rfcoivcfl  for  publio»tion,  August   21,   1921.] 

On  July  16,  1920,  one  of  the  kala-azar  patients  at  the  Institute 
<lied.  A  small  monkey  (M.  rhesus)  was  taken  and  its  peripheral 
blood  examined.  No  parasites  were  foimd.  The  patient's  spleen 
was  removed  within  20  minutes  of  death,  and  films  from  the  spleen 
showed  a  %-ery  heavy  infection  with  kala-azar, — small,  torpedo-like 
forms  of  L.D.  predominating. 

A  small  portion  of  this  heavily  infected  spleen  was  macerated  in 
sterile  normal  saline  and  10  c.c.  of  the  emvdsion  given  intra-peritoneally 
to  the  monkey  with  a  Roux  syringe. 

From  July  16th  to  August  11th.  films  of  the  monkey's  peripheral 
blood  were  negative  and  showed  no  changes.  On  October  9th,  however, 
it  was  found  that  the  whole  blood  picture  had  changed  (incubation 
period  85  days).  Films  showed  numerous  noimoblasts,  raegaloblasts, 
polychromatophile  erythrocytes,  a  diminution  in  the  pol}Tnorphonuclear 
leucocyte  count  and  a  marked  increase  in  the  number  of  large  hyaline 
mononuclears.  It  was  further  foimd  that  the  spleen  had  become 
palpable  ;  and  spleen  puncture  was  carried  out  forthwith.  Films  of 
spleen  juice  were  negative  :  and  the  N.N.N,  cultures  became 
contaminated. 

On  October  12th  (88th  day),  liver  puncture  was  carried  out.     Films 
negative.    No  cultures  taken   as  media   not    available.     By  October 
15th  (91  st  day)    the    monkey  was  definitely  ill.     Spleen  pujicture  was 
again  carried  out.     Films  negative.     Cultures  positive  :  {vide  lat€r). 
(     809     ) 
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Oji  October  16th  adrenalin  was  given  hypodermicaUy  and  six  films 
taken  half  an  hour  later  from  the  peripheral  hh.od  and  most  thoroughly 
searched.     No  parasites  were  found. 

On  October  18th  (94th  day),  a  third  spleen  puncture  was  done.  The 
films  showed  one  very  doubtful  form.  The  ciUtures  were  positive  : 
(^nde  later). 

On  November  3rd  (110th  day),  a  fourth  spleen  pimctm-e  was  done. 
Films  were  again  negative  :  cultures  again  positive.  An  entomological 
assistant  now  collected  all  ecto -parasites  from  .the  infected  monkey.  In 
doing  so,  most  imfortunately  he  used  chloroform  "as  anaesthetic,  and  the 
monkey  died  under  the  aneesthetic.  Ai\  immediate  post-mortem  examina- 
tion was  carried  out.  The  spleen  was  foimd  to  be  three  or  four  times  its 
usual  size.  The  liver  was  enlarged  :  but  other  organs  appeared  healthy. 
Films  were  taken  from  all  the  internal  organs,  including  liver,  spleen, 
lungs,  Mndneys  and  bone  marrow.  No  parasites  could  be  found  in  the 
films.  Cultures  could  not  be  taken  as  N.N.N,  media  was  not  available 
at  the  moment. 

It  will  thus  be  seen  that  every  attempt  to  obtain  a  positive  diagnosis 
by  examination  of  films  had  been  negative  ;  but  that  on  three  occasions 
N.N.N,  cultui-es  gave  a  rich  yield  of  L.D.  flagellates.  This  finding  raises 
again  the  important  question  as  to  whether  there  may  not  exist  forms 
of  Leishmania  donovani  in  the  tissues  of  infected  vertebrate  hosts  which 
have  not  yet  been  identified,  but  which  alone  may  be  capable  of  carrjdng 
on  the  extra-human  cycle  of  development. 

The  N.N.N,  cultures  of  October  15th  (91st  day),  taken  when  the 
monkey  was  definitely  ill  with  kala-azar,  showed  only  the  usual  type  of 
L.D.  flagellates  up  till  October  31st  (16th  day).  At  8-30  p.m.  on 
this  date  it  was  noticed  that  these  cultures  were  dry  and  further  films 
were  taken.  The  appearances  seen  in  fig.  2  of  the  Plate  LXXII  were 
found.  On  November  9th  (25th  day),  the  appearances  seen  in  fig.  3  of 
the  Plate  LXXII  were  found.  Until  December  5th,  these  cultures 
continued  to  show  both  normal  flagellates  (as  in  fig.  1)  and  the  granule 
forms  (as  in  fig.  3). 

Now  the  forms  in  fig.  2  recall  Dr.  Row's  '  post-flagellate  forms  '  of  L. 
donovani,  but  are  perhaps  better  termed  '  aflagellate  forms ';  whilst 
those  in  fig.  3,  which  are  best  termed  'granule  forms,  '  are  like  the 
'  super-post-flagellate  forms  '  described  by  him  as  being  the  phase  of 
flagellate  L.D .  most  infective  to  experimental  animals.  In  fresh  prepara- 
tions from  these  cultures  the  normal  flagellates  present   appear  to  be 


Explanation  of  Platk  LXXII. 


Kig.  I.  Normal  flagellates. 
,,  2.  '  Aflagellate  '  form. 
.,     3.     Granule  forms. 

(Figs.  2  and  3  appear  to  be  degenerating  phases.) 

"     -■  I  Cvstio  forms  from  15  flavs  old  culture. 
„     0.  1     • 

.,     6.     'Second  <:eneration  '  flagellates   from  the  same  tube  !«een  on 

the  16th  day. 
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rtctively  extruding  these  granules  (this  was  jwinted  out  to  me  bv 
Mrs.  H.  Adio)  and  the  condition  of  thecxilturea  up  to  the  51st  day  is 
that  of  a  mixture  of  normal  flagellates  and  granule  forms.  Yet  the 
cytological  picture  shown  in  figs.  2  and  3  is  that  of  degeneration  only, 
with  chromolysis  of  the  macronuclei,  plasmolysis of  the  cytoplasm, 
marked  vacuolation,  and  breaking  up  of  the  micronuclei  into  tiny 
fragment.^. — from  which  the  granule  forms  ap|>ear  to  be  derived.  It  is 
difficult  to  form  any  opinion  from  one  set  of  such  cultures  :  vet  the 
process  in  these  tubes  appears  to  be  one  simply  of  slow  degeneration  and 
death  of  the   parasites. 

The  X.N.N.  cultures  of  October  18th,  taken  on  the  9Jth  day  when 
the  monkey  was  definitely  ill  clinically,  gave  a  different  phase  of  deve- 
lopment.    Until  the  14th  day  these  cultures  showed    only  the    usual 
and  active  type  of  flagellate  (as  in  fig.  1  of  the  Plate  LXXII).    The  next 
day.  however  (Xovember  •2nd),  the  cultures  were  found  to  be  full  of  the 
cystic    forms   shown   in    figs.  4  and   5.     In    fresh   preparations  these 
cysts  are  seen  to  be  spherical  bodies  of  about  12 /zin  diameter.     Inside 
the  cyst  is  packed  a  mass  of  tiny  and  very  active  '  second  generation  * 
flagellates.     These   tiny  flagellates  are  not  arranged  as  in   the  usual 
L.D.  rosette  with  their  flagcila  centripetally  arranged  :  but  with  the 
flagella  centrifugally  arranged  within  the  cyst.     Active  motility  is  seen 
to  be  going  on  within  the  cy.st  :  from  time  to  time  numerous  flagellates 
are  .seen  to  protrude  from  the  cyst :  small  protuberances  arise  which  are 
probably  due  to  tiny  flagellates  trying  to  escape  :  and  finally,  as  observed 
several  times  in  fresh  preparations,  the  cysts  rupture  and  set  free  .swarms 
of  very  active  and  minute  flagellates  :  forms  which  to  a  certain  extent 
recall  the  spirochaete-like  forms  described  by  Sir  William  I-.ei,shman. 
Finally  the  .second  generation  flagellates  are  so  different  from  tlio  usual 
first  generation  type  of  flagellate  that  one  can  ultimately  recognise  each 
variety  in  films  which  contain  both.    The  second  generation  flagellate  is 
very  minute,  and  some  of  the  forms  are  barely  5  to  6/*  in  length.     In 
shape  they  almost  resemble  protozoal  sporozoites.     They  stain  excep- 
tionally well  and  with  very  deeply  staining  macro  and  micro-nuclei  and 
clear  pale  blue  protopla.sm.     These  forms  arc  shown  in  fig.  G,  and  shouKI 
be  comj)ared  with  the  usual  type  of  L.U.  flagellate  as  shown  in  fig.  1. 

1  he  cysts  were  seen  in  this  set  of  cultures  on  Xo  venibcr  2nd,  the  15tli 

day  of  culture.     Next  day  there  were  very  few  cyst.'s  left  in  the  cultures  : 

which  now  swarmed  with  the  tiny  second  generation  flagellates.    Granule 

forms,  as   in   fig.  3,  were   found    on   December   5th, — but    are   again 

J,  MK  1^ 
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probably  only  degeneration  types.  On  December  5tli  the  culture 
tubes  now  show  a  niixtm-e  of  both  generations  of  flagellates  and  granule 
forms. 

The  cultures  of  November  3rd  showed  only  the  usual  type  of  L.D. 
flagellates.  Sub-cidtures  from  the  cultures  of  all  three  dates  also  have 
so  far  only  shown  the  usual  type  of  flagellates. 

Now  Colonel  Cornwall  in  his  very  important  work  on  the  bed  bug  has 
described  the  transformation  of  the  usual  type  of  L.D.  flagellate  into 
first  a  '  thick  tail  '  phase  :  and  later  encystation,  with  final  rupture  of  the 
cyst  and  setting  free  of  very  small  and  very  active  second  generation 
flagellates.  The  cultures  of  October  18th  did  not  show  '  thick  tails  '  at 
any  period  of  observation  :  and  the  cyst  phase  is  a  very  rapid  one,  barely 
lasting  over  24  hours.  It  is  again  difficult  to  draw  conclusions  from  one 
set  of  experiments  but  the  process  illustrated  in  figs.  4,  5,  and  6  appears 
to  be  one  of  vital  activitj"-  rather  than  of  degeneration.  Figs.  4  -and 
5  are  bad  representations  of  the  process  of  encystment,  as  the  figures 
are  drawn  from  Leislunan  fixed  and  stained  preparations  and  shrinkage 
has  occiu-red. 

The  impoitaut  point  with  regard  to  these  cultures,  however,  is  this. 
There  is  steadily  accumulating  evidence  that  the  L.  D.  body  is  capable  of 
encystment.  In  the  raid  gut  of  an  infected  Cimex  rotundatus  cyst 
formation  occurs.  It  can  also  occur  in  N.N.N.  ciJtures.  When  the 
extra  human  cycle  of  the  L.D.  body  is  finally  discovered  it  is  likely  to  be 
a  relatively  simple  one  if  the  parasite  is  a  true  herpetomonad.  Whether 
such  encystment,  however,  is  part  of  the  true  extra-hunran  cycle,  or 
whether  it  is  a  protective  reaction  on  the  part  of  the  parasite  to 
unfavourable  enviroimient  is  open  to  question. 

To  sum  up  the  history  of  the  infected  monkey  raises  again  the 
question  as  to  whether  imrecognised  forms  of  Leishmania  donovani  may 
not  exist  in  the  tissues  of  its  vertebrate  host  :  the  aflagellate  and  granide 
phases  seem  to  be  merely  degenerative  forms  :  whilst  encystment  of  the 
parasite  has  now  been  observed  in  culture,  and  such  encystment  may 
either  be  a  phase  of  the  extra-himian  cycle  or  a  reaction  to  unfavourable 
en\"ironment. 

I  have  to  acknowledge  my  indebtedness  to  Major  R. 
Knowles,  i.m.s.  for  Idndly  preparing  the  plate  and  for  the  deductions 
drawn  from  the  cultiu-es.  Also  I  am  grateful  to  Mrs.  H.  A.  Adie  and 
E.  C.  E.  Fox,  Esq.,  Officiating  Director,  for  their  ^kind  help  and 
advice. 
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The  first  pigmented  blood  parasite  of  cold-blooded  vertebrates  to 
be  described  was  one  discovered  by  Simond(l)  in  1901  in  the  blood  of 
the  Indian  river  tortoise  Trionyx  indicus  (Cliitra  indica)  and  called  by 
him  Hsemamoeba  metchnikovi.  In  the  younger  forms  of  this  parasite 
he  described  gentle  amoeboid  movements  and  found  that  the  parasitised 
red  cell  hardly  suffered  at  all  and  that  its  nucleus  usually  kept  its 
normal  position,  colour  reaction  to  stains,  and  volume.  After  study  of 
all  the  forms  found  by  him,  he  came  to  the  conclusion  couched  in  the 
following  terms :  '  L'analogie  des  deux  formes  pigmentees  de  H. 
metchnikovi  avec  les  stades  pigmentees  des  Haemamceba  des  oiseaux  est 
complete.' 

In  1904  Castellani  and  Willey(2)  described  a  new  pigmented  blood 
parasite  in  the  tree  gecko  Hemidactylus  leschenaultii  and  created  for  it  a 
new  genus  Hsemocystidium,  in  which  they  also  placed  the  parasite 
of  Simond.  They  give  no  very  clear  definition  of  the  characteristics 
of  the  new  genus  but  appear  to  attach  importance  to  the  following 
points  : — 

(a)  Rounded  bladder-like  form  of  the  parasite. 

(b)  Displacement  of  the  host-cell  nucleus. 

(c)  Presence  of  pigment. 

It  will  be  seen  later  that  (a)  and  (b)  are  not  necessary  characteristics 
of  the  genus, 

(    814     ) 
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Laverau(3)  in  I'JOu  was  the  next  to  describe  a  i)ipmeiited  blood 
parasite,  of  reptiles  which  he  obtained  in  Testudo  pardalis.  In  this 
species  he  describes  small  forms,  situated  usually  near  the  poles  of 
the  infected  host-cells,  and  large  forms,  lying  around  the  sides  or  ends  of 
the  host-cell  nuclei.  The  parasitised  cell  is  described  as  little  altered 
although  it  may  be  slightly  enlarged  in  the  later  stages,  while  the 
nucleus  which  may  be  of  normal  volume  or  slightly  enlarged,  rests 
usually  in  i*^s  central  position  or  is  slightly  displaced.  He  goes  on  to 
say  :  "L'analogie  avec  Hicmamoeba  danilewskj-i  des  oiseaux  est 
certainc,  comme  le  fait  remarquer  Simond.  pour  le  parasite  de  Tr. 
indicus  ;  1 'existence  de  formes  flagellees  reste  a  demonstrer  pour  que 
le  classement  de  ces  parasites  dans  le  groupo  dos  Hcemama>ba  soit 
indiscutable.' 

Sanibon(4)  in  lltOT  divided  the  ])igment-producing  parasites  of 
reptilia  into  two  genera,  basing  his  classification  on  the  effect  produced 
by  the  parasites  on  the  parasitised  cells. 

1.  Plasmodium,  in  which  he  ])laced  Hajmocys'adiuni  Simondi, 
Castellani  and  Willey. 

2.  Ha?moproteus,  in  which  he  placed  Ha;mamoeba  metchnikovi 
Simond,  and  Haemamoeba  testudinis,  Laveran. 

Wenyon(5)  in  1908  described  three  pigmented  blood  parasites  of 
reptiles.  One  of  these,  which  he  called  Plasmodium  mabuiaj,  is  evid,ejitly 
related  to  the  plasmodia  of  birds  and  need  not  be  considered  further. 
Of  the  other  two,  he  places  one,  Hicmoproteus  agania;,  from  Agama 
colonorum,  definitely  in  the  genus  Haemoproteus  on  account  of  the  slight 
action  of  the  parasite  on  the  host-cell  and  its  nucleus  and  on  account  of 
the  fact  that  he  was  successful  in  producing  exflagellation  of  the  male 
gametoc)rte8  in  freshly  drawn  blood.  The  other,  Ha.'niocystidium  iiajtf 
from  Xaja  haja?  and  Naja  nigricoUis,  he  places  in  the  genus  Haniocysti- 
dium,  apparently  on  account  of  the  fact  that  the  gametocytes  diftered 
in  size  and  shape  from  those  of  Halteridium  (Ha-moproteus),  the  infected 
cells  were  enlarged  and  their  nuclei  displaced,  and  there  was  no  evidence 
of  microgamete  formation  in  drawn  blood. 

That  he  had  some  hesitation  in  placing  the  parasite  in  this  genus 
seems  apparent  from  the  following  quotation  from  his  paper;  'The 
gametocytes  differ  in  size  and  shape  from  those  of  Halteridium  but  this  is 
insufficient  ground  on  which  to  base  a  new  genus.  1  he  fact  that  the 
parasite  occurs  in  a  cold-blooded  host  instead  of  a  warm-blooded  one 
is  also  a  non-generic  character.' 
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In  1909,  Aragao  and  Neiva(<3)  described  two  pigmented  parasites 
of  reptiles.  One  of  these  appears  undoubtedly  to  have  belonged  to 
the  genus  Plasmodium.  The  other,  which  they  called  Plasmodium 
diploglossi,  is  somewhat  difficult  to  place  in  its  proper  category  from 
the  description  and  illustrations  of  the  authors,  but  the  impression 
one  gathers  is  that  they  may  have  been  dealing  with  two  difierent 
parasites,  one  a  true  Plasmodium  with  schizogony  in  the  circulating 
blood,  the  other  a  Ha)mocystidium  present  in  the  form  of  gametocytes 
only. 

In  the  same  year  19U9,  Johnston  and  Cleland  (7)  described  a  sixth 
species  from  an  Australian  tortoise,  Chelodina  longicoUis. 

This  species,  while  like  those  previously  described  in  general 
characters,  was  found  to  cause  no  displacement  of  the  nucleus  nor 
distortion  of  the  host-cell.  Referring  to  the  formation  of  a  new  genus 
by  Gastellani  and  Willey  they  say  :  '  But  in  the  above  somewhat  vague 
definition  of  the  genus  displacement  of  the  nucleus  assumes  an  important 
position,  though,  in  spite  of  the  absence  of  this  characteristic  in  Simond's 
parasite,  the  latter  is  included  by  Gastellani  and  Willey  in  their  genus. 
It  must  therefore  follow  that,  if  the  genus  is  to  hold  good,  displacement 
of  the  nucleus  is  not  a  necessary  character.  We  accordingly  suggest 
that  the  genus  be  amended  as  follows  :  In  early  stages  the  parasite 
is  irregular  or  slightly  amoeboid;  in  later  stages  oval  {?  schizonts)  or 
rounded,  turgid,  more  or  less  bladder-like  (?  gametocytes) ;  it  produces 
melanin  granules,  vacuoles  are  frequently  present,  and  there  may  or 
may  not  be  displacement  of  the  nucleus  of  the  red  cells  ;  and  the 
host  is  reptilian.  ' 

They  go  on  to  say  that  '  it  can  be  at  once  distinguished  from 
Halteridium  by  the  absence  or  at  least  great  rarity  of  halter-likc 
forms,  and  by  displacing  the  nucleus  in  one  species  at  least.'  This 
last  statement  must  in  the  writer's  opinion  be  regarded  as  at  least 
open  to  question,  since  '  halter  '  forms  are  by  no  means  rare  and, 
indeed,  in  some  species  are  the  prevailing  form,  so  much  so  that  slides 
from  the  peripheral  blood  are  almost  indistinguishable  from  those  of 
birds  with  typical  '  halteridium  '  parasites.  In  any  case,  if  the  genus 
as  described  by  Johnston  and  Cleland  is  allowed  to  contain  both 
species  displacing  and  those  not  displacing  host-cell  nuclei,  it  is  no 
greater  strain  on  the  elasticity  of  generic  characters  for  it  to  contain 
both  species  producing  chiefly  '  halteridium  '  like  forms  and  those  only 
rarely  producing  such  forms. 
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The  sevejith  and  eighth  species  of  the  genus  luiiler  consiiK-r^tion 
were  described  by  Bouet  (8)  in  1909.  One  of  these,  Plasmodium  mesnili, 
was  found  in  a  snake  not  definitely  identified  from  Haute-Cote  d  Ivoiie 
and  Haute-Senegal,  Nigor.  Here,  as  in  species  previously  described, 
both  youjig  and  mature  forms  were  encoujitered.  The  latter  are  described 
as  halteridial  forms  encircling  the  host-cell  nucleus,  but  frequently 
displacing  the  latter  and  deforming  the  contour  of  the  parasitised  cell 
which  is  also  slightly  enlarged.  The  other  form,  Plasmodium  roumei, 
was  obtained  in  a  land  tortoise,  Cinixys  belliana,  from  the  Haute-Cote 
divoire  and  from  Dahomey.  Here  again  the  shape  of  the  parasite  was 
of  the  halteridium  t}'pe.  The  nuclei  of  parasitised  cells  however  were 
peripherally  displaced,  and  the  cells  were  somewhat  enlarged  but  without 
deformation  of  the  contour.  Bouet  considered  that  the  blood  form.s 
approached  more  nearly  to  Hsemoproteus  than  to  Plasmodium  but  that 
until  more  of  the  life  cycle  was  known  they  should  be  placed  in  the  genus 
Plasmodium  (Hsemama'ba).  The  reasoning  does  not  seem  quite  clear 
since  it  wovild  seem  more  logical,  in  the  absence  of  knowledge  of  the  life 
cycle,  to  place  the  parasite  iji  the  genus  towards  which  its  known 
characters   make  the  nearest  approach. 

In  I9KI,  Dobell(I3)  made  a  furtherstudy  of  the  parasite  of  Castellani 
and  Ullley  and  described  schizogony  in  the  circulating  blood.  According 
to  him  '  schizogony  occurs  in  the  red  corpuscles  of  the  circulating 
blood  of  the  gecko.  It  is  remarkable  in  that  it  consists  usually  in  simple 
bipartition  thereby  diSering  markedly  from  the  schizogony  of  the 
malaria  parasites  and  other  pigmented  intra-corpu-sciilar  forias.  Rarely 
four  merozoits  are  found  instead  of  two.'  The  objections  one  would 
raise  to  this  interpretation  of  the  forms  alluded  to  by  Dobell  arc  two  in 
number  : 

(1)  The  forms  described  and  figured  by  lum  might  be  multiple 
infections  of  the  red  cells  with  two  or  more  parasites  such  as  commonly 
occur  in  heavily  parasitised  hosts.  The  division  of  the  chromatiji  into 
two  or  four  mas-ses  as  described  may  be  seen  even  in  parasites  which  arc 
undoubtedly  male  gamelocytes.     (Plate  LXXIII,  Fig.  17.) 

(2)  If  only  simple  bipartition,  or  even  division  into  four  merozoits  of 
the  adult  .schizonts  occurs,  howisone  to  e.xplain  the  presence  of  extremely 
minute  forms. 

Franea  (9)  in  1912,  describes  a  species  of  Hfemocystidium  from 
Cinixys  belliana.  Gray,  which  he  identifies  with  Plasmodium  roumei 
Bouet.    There  is  no  very  evident  enlargement  of  the  parasitised  cells 
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but  the  nuclei  are  displaced  even  in  young  forms.  In  the  same  year,  1912, 
Carini  and  Rudolf(lO)  described  from  a  Brazilian  lizard,  Mabuia  agilis, 
a  pigmented  blood  parasite  which  they  called  Plasmodium  minasense. 
They  describe  very  rare  schizogony  forms  in  the  circulating  blood  but 
one  is  unable  with  certainty  from  their  somewhat  meagre  description  to 
place  their  parasite  in  its  correct  category,  although  probably  it  should 
be  placed  among  the  Plasmodia. 

Also  ia  1912,  Pittaluga(l-i)  described  a  parasite  of  Clemmys  africana 
which  he  placed  in  the  genus  Htemo pro teus  and  called  H.  cajali.  He 
figures  distinctly  amoeboid  forms  in  various  stages  of  development  which 
closely  resemble  some  of  the  forms  to  be  presently  described  in  another 
reptile. 

In  1916,  Froilano  de  Mello(ll)  describes  a  new  species  Hsemocysti 
dium  kopki  from  a  gecko  Hemidactylus  brookei.  Gray.  In  this  species, 
according  to  the  author,  the  parasitised  cell  is  hypertrophied  and  there  is 
a  loss  of  hfemoglobin,  while  the  nucleus  is  displaced  to  one  extremity  of 
the  cell,  mdess  the  parasite  has  the  form  of  a  halter  when  the  nucleus  is 
not  displaced.  He  describes  a  complete  disappearance  of  the  nucleus 
by  a  process  of  karyolysis,  but  this  statement  would  seem  to  need 
confirmation  and  no  such  forms  are  figured.  He  describes  the  formation 
of  microgametes  in  drawn  blood,  and  comes  to  the  conclusion  that  the 
parasite  cannot  be  distinguished  from  those  of  the  genus  Heemoproteus 
in  birds. 

Franca(12)  in  1917  brought  out  a  new  classification  of  the  Ha-mos- 
poridia,  in  which  he  classes  Hacmoproteus  and  Ha?mocystidium  as  two 
distinct  genera  in  the  family  Hsemamcebidae,  Ross,  1899.  The  generic 
characters  for  these  two  genera  are  given  by  him  as  follows  : — 

'  Hffimoproteus,  Kruse,  1890.  Synonym  Halteridium,  Labbe,  189-i. 
Ha?mamoebida>  pigmentes,  ameboides,  en  forme  d'halter,  ne  deplacant 
pas  de  noyau  du  globule  qu'ils  entourent.  Schizogonie  dans  les  organes 
internes.  Exceptionellenient  schizogonie  dans  le  sang  circulant  :  deux 
groupes  de  merozoites  a  chaque  pole  de  Thalter. 
Hsemocystidium,  Castellani  and  Willey,  190i. 
Hajmamcebidae  pigmentes  qui,  dans  leur  phase  adulte,  sont  ovalaires 
ou  arrondis  (jamais  ameboides),  a  contour  parfaitement  regulier  et  a 
cytoplasme  vacuolise  et  noyau  presque  invisible.  Dimorphisme  sexuel 
tres  net.  Le  noyau  du  globule  est  precocement  repousse  a  I'une  des 
extremites  de  celui-ci.  Schizogonie  dans  le  sang  circulant  par  division 
biuaire  ou  quaternaire.' 
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It  should  be  noted  that  sexual  dimorphism  which  is  given  as  one  of 
the  generic  charactt'rs  of  Ha.-mocy£>tidium  is  equally  evident  in  Ha-mo- 
proteus. 

After  this  description ofgeneric  characters  for  the  genus  Hn'mocysti- 
diuni  he  gives  a  list  of  three  species  in  none  of  whiih  are  all  the  generic 
characters  present,  so  far  as  our  present  knowledge  of  them  goes.  The 
three  species  given  as  examples  are  : 

(a)  Ha>mocystidium  Simondi,  Castellani  and  Willey,  1904.     'i  his 
corresponds  fairly  closely  to  the  generic  characters  except 
that  the    male  gametocytes  are  stated  by  Castellani  and 
Willey  to  have  no  vacuoles,  and  no  form  <,f  schizogony  in 
the  circulating  blood  is  described. 
(h)  Hoemocystidium    roumei,    Bouet,     190'.t.     'I  his    parasite    is 
described  by  Bouet  as    halteridium-like   in  form  and  no 
schizogony  in  the  circulating  blood  is  described, 
(c)  Ha?mocystidium     kopki,     Froilano     dc     Mello,     I'JUi.      No 
schizogony  in  the  circulating  blood  is  described. 
In  1918-1919,  Aragao(15)  brought  forward  a  new  dassitication  of 
the  Hapmosporidia.     He  places  Hapmoproteus  and  Ha^mocystidiuiu  in 
separate  families  of  the  super-family  Plasmodoidea  created  by  himself, 
as  follows  : — 


Super-family 
Plasmodoidea. 
Aragao,  1919. 


Family 
Haimoprotcida;, 
Sambon,   lOOIi. 

Family 
Plbsmodidic, 
.Mcsnil,   1903. 


Genus  Hajraojirotcus,  Krusc  l89o. 

rtienus   I'lasmucliiini,  .Munliiufavu  tt:ul  t'rclli. 
I      1H8.>. 

I  (JcnU8       Hiomucj'Htidium,      LanU'l  aiii      anil 
'l      Willty,   1904. 

I.SuLi-grnua    Lavrrania,    Cira.siti     and    FcKlti, 
1890. 


If  one  now  considers  the  generic  characters  of  llamoproteus  one  will 
see  that  most  of  them  are  exemplified  in  one  or  other  of  the  described 
lipeciea  of  Hamocystidium.  The  comparison  is  best  made  in  the  form 
of  a  table  as  follows  :-  - 


lldcmoprottua. 
1.     Sexual  dimiirphiiim 
i.     Pnxluction  ul   pigment . . 
3.     Younger  forms  amoeboid 


llitmocya  idium. 
Sexual   dimorphixni   in   all  Kpeciea. 
Production  of  pigment  in  all  specieH. 
Younger  forms  amwboi<l  in  H.  motclinikovl 
H.  chc'liidinie,   and    >l.  graliami  (<lcAcnlH'd 
in  this  paper). 
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Hcenwpmltns.  Ihrmocysiidium. 

4.  Nucleus  of  host-cell  not  displaced  as 

a  rule       ..  ..  ..     Nucleus  of  host -cell  not  displaced  as  a  rule  in 

Hsemoproteus  (Haemocystidium)  Agamae, 
H.  chelodir.je,  H.  testudinis,  H.  metchtii- 
kovi,  and  H.  phyllodactyli  (described  in 
this  paper). 

5.  Schizogony  in  the    internal    organs 

(lungs)  . .  . .  . .      Not  yet  described. 

6.  Formation  of  microgametes  in  drawn 

blood  ..  ..      Formation  of  mcrugamatiN  in  drawn  blood 

in  H.   agamae  and  H.  k>pki. 

The  conclusion  one  comes  to  then  after  a  consideration  of  all  the 
described  species  of  the  genus  Haemocystidium  is  that  this  genus  is 
synonymous  with  Haemoproteus,  since  in  no  case  are  the  characters  of  the 
parasite  sufficiently  distinctive  to  justify  the  formation  of  a  new  genus 
and  it  is  therefore  considered  that  the  genus  Hseraocystidium,  Castellani 
and  Willey,  1904,  should  sink  before  the  genus  Hssmoproteus,  Kruse, 
1890,  which  has  priority.  The  distinction,  which  was  made  because  all 
the  members  placed  in  Castellani  and  Willey's  genus  were  foimd  in  cold" 
blooded  vertebrates,  is  artificial  and  as  Wenyon  has  pomted  out  of  no 
generic  significance.  The  full  list  of  specie,;  described  from  cold- 
blooded vertebrates  to  date,  including  the  two  new  speciesto  be  presently 
described  is  given  below  in  chronological  sequence  with  the  names  of 
the  corresponding  hosts. 

fSpecics.  Ilosl. 

Hicmoprutcus     metchuikovi,  Simond,   I'JOl  ..  Tnunyx  indicus. 

„  Simondi,  Castellani  and  Willcj',  i'JUi  Hcmidactjdus  leschenaultii. 

„  testudinis,  Laveran,  1905  ..  Testudo   pardalis. 

,,  agamte,  Wenyon,  1908  ..  Agama  colonorum. 

„  najse,  Wenyon,   1908..  ..  Naja  hajie  and  Naja  mgricollis. 

,,  chelodinae,    Johnston     and  Clcland, 

1909            ..                   ..  ..      Chclodina  longicoUis. 

„  mesnili,  Bouet,  1909     ..  ..  Naja  sp. 

,,  roumei,   Bouet,   1909      . .  . .  Cinixys  belliana. 

,,  cajali,  Pittaluga,   1912  ..  Clenimys  africana. 

.,  kopki,  Froilano  de  Mello,  1910  ..  Hemidactylus    brookei. 

„  phyllodactyli,  Shortt,  1921  . .  Phyllodactylus  elisae. 

„  grahami,  Shortt,  1921  ..  Agama  nupta,  var.  fusca. 

Doubtful  species  also  are  Plasmodium  diploglossi,  Aragao  and 
Neiva,  1909,  and  Plasmodium  minasense,  Carini  and  Rudolf,  1912. 
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H.EMorROTEis  Phyllodactyu,  >i.  sp. 

This  parasite  was  found  in  an  extremely  rare  species  of  gecko, 
Phyllodact ylus  elisse  of  which  only  one  specimen  previously  existed  in  the 
British  Museum.  It  was  obtained  by  the  writer  at  Quritu,  on  the  Persian 
Frontier,  in  May  1920. 

The  description  of  this  sjKcies  of  Hiemoproteus  is  limited,  with  the 
exception  of  one  form  to  bo  prosently  described,  to  stages  seen  in  the 
peripheral  circulation.     These  may  be  divided  into  : 
(a)  Young  forms. 
(6)  Intermediate  forms, 
(c)  Mature  forms. 

Young  forms. — Young  forms  are  generally  situated  at  the  ends  of 
the  erythrocytes  and  are  often  pyriform  in  shap.  The  smallest  fornis 
seen  measure  2'd  microns  by  2  microns.  Stained  by  Roinanow;;ky  stain 
the  protoplasm  is  of  a  faint  clear  blue  or  violet  pink,  and  there  is  often  a 
small  vacuole  situated  near  one  end  of  the  parasite  or  the  vacuole  may 
be  absent.  In  most  ca.ses  evident  chromatin  staining  is  absent.  The 
smallest  forms  seen  contained  no  pigment.  .\s  these  small  forms  grow, 
jjigment  grains  api)ear  ajid  gradually  increase  in  amount  Ijeing  scattered 
irregularly  through  the  body,  and  a  second  vacuole  often  makes  its 
appearance.     (Plate  LXXIII,  Figs.  1  and  2.) 

Intfnnedialc  forms. -Those  are  somewhat  banana  shaped,  with 
bhmtly  i>ointed  ends  and  occupy  a  position  parallel  to  the  long  axis 
of  the  host-cell,  the  concavity  of  the  parasite  facing  the  convexity  of  the 
host-cell  nucleus.  The  protoplasm  of  these  forms  stains  in  cither  of  two 
shades  of  blue,  light  or  dark  and  they  are  evidently  merely  stages  in  the 
formation  of  the  mature  forms.  The  pigment  is  usually  aggregated  in 
clumps,  often  round  the  periphery  of  vacuoles  in  the  protoplasm. 
The  chronuitin  may  be  in  a  few  distinct  aggregations.  (I'late  LXXllI. 
Fig.  3.) 

Mature  forms.- -Hiftio,  from  their  characters  as  described  below, 
must  be  looked  upon  as  mature  gametocytes.  Two  forms  are  present, 
male  and  female  gametocytes,  characterised  by  different  reactions  to 
Romanowsky  stains. 

(1)  Male  gametocytes.  These  are  stout  sausage-shaped  forms 
lying  in  the  position  described  for  intermediate  forms.  The  protoplasm 
stains  a  very  faint  pink  or  violet  pink  colour  showing  faint  reticulation. 
There  is  a  concentration  of  chromatin  at  a  point  near  the  centre  of  the 
parasite,  but  the  chromatin  mass  may  be  peripherally  placed  near  the 
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convex  border  of  tlie  parasite.  Generally  two  or  more  vacuoles  are 
present,  often  situated  near  the  extremities  of  the  body.  The  pigment, 
of  yellow  or  golden-brown  colour,  is  usually  coacentrated  in  larger 
or  smaller  masses,  the  grains  of  which  vary  in  size  or  grouped  in  ring 
form  around  the  peripheries  of  the  vacuoles.  These  forms  do  not  cause 
much  displacement  of  the  host-cell  nucleus,  no;- is  the  host-cell  otherwise 
affected.  They  measure  138  microns  by  6  microns  (Plate  LXXIII, 
Fig.  4),  but  as  the  largest  forms  curl  round  the  ends  of  the  nucleus,  the 
actual  measm'ements  of  the  parasite  if  unfolded  may  be  as  great  as  15-3 
microns  by.  5-2  microns.     (Plate  LXXIII,  Fig.  5  female  form.) 

(2)  Female  gametocytes.  1  hese  in  form  and  size  and  in  their  effect 
on  the  host-cell  resemble  the  male  forms,  the  only  difference  being  in 
the  staining  reaction.  The  protoplasm  of  these  forms  stains  a  somewhat 
dense  slatey  blue  with  faint  reticulation.  T  he  vacuoles  and  the  grouping 
of  the  pigment  are  as  in  the  male  forms.  (Plate  LXXIII,  Figs.  5  and  6.) 
The  infection  in  the  case  of  these  lizards  was  often  an  extremely  heavy 
one  but  seemed  to  have  no  detrimental  effect  on  the  host.  Besides 
those  already  described  the  following  forms  were  encountered  in  the 
peripheral  blood : — 

(a)  Free    forms    of    male    and    female   gametocytes  were    not 

micommon  but  were   probably  the   result  of  trauma  in 

making  the  slides. 
(h)  Double  infection  of  one  host-cell  with  two  female  gametocytes. 

(Plate  LXXIII,  Fig.  8.) 

(c)  Double  infection  of  one  host-cell  with  two  male  gametocytes. 

(d)  Double  infection  of  one  host-cell  with  male  and  female  game- 

tocytes.    (Plate  LXXIII,  Fig.  7.) 

(e)  Double   infection   of    one  host-cell  with  Hannoproteus  and 

Haemogregarine.     (Plate  LXXIII,  Fig.  9.) 

(/)  A  doubly  infected  host-cell  phagocytised  by  a  mononuclear 

leucocyte  (1  endothelial  cell),  whose  nucleus  was  pushed  to 

the  periphery  and  flattened  out.     (Plate  LXXIII,  Fig.  10.) 

In  these  instances  of  double  infection  of  one  host-cell  the  apposition 

of  the  two  parasites  to  one  another  when  both  had  reached  maturity  was 

so  intimate  that  the  actual  dividing  line  could  only  with  difficulty  be 

made  out  (Plate  LXXIII,  Figs.  8  and  10),  even  when  one  invader  was 

a  male  and  the  other  a  female  gametocyte. 

In  some  instances  it  was  found  that  a  )'oung  form  of  Ha3mogregarino 
had  invaded  a  host-cell  already  fully  occupied  by  a  double  infection  with 
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Tla'iiMiproteus.  From  this  it  would  appear  that  the  Ha>niopregarine 
derives  no  nourishment  at  the  expense  of  the  hirmoglobin  of  the  host- 
coll,  a  consideration  which  is  supported  by  the  fact  that  it  produces  no 
pigment,  and  the  inference  is  that  ail  the  Hirmopregarine  requires  in  this 
stage  of  its  lifecycle  is  a  '  home  '  which  will  act  at  once  as  a  place  of 
jirotection  and  a  means  of  transport  during  its  life  in  the  peripheral 
circvJation. 

SE.\ROn    FOR    SCHIZOGONY    IX    THE    INTERNAL   ORGANS. 

.\  prolonged  search  was  made  of  all  the  internal  organs  and  the 
bone  marrow  by  means  of  smears  and  sections  for  stages  in  schizogony 
but  with  the  exception  of  a  form  in  the  lung  to  be  presently  described 
nothing  was  discovered.  In  the  wall  of  one  of  the  air  spaces  of  the  lung 
an  irregularly  oblong  body  surroimded  by  a  cyst-like  wall  was  found. 
From  one  side  of  this  cy.st-wall  a  second  similar  but  less  densely-staining 
body  projected  outwards.  Both  bodies  took  a  deep  blue  colouration  with 
Giem.sa  stain  and  there  was  an  indication  of  more  darkly-staining  areas 
in  parts.  Both  bodies  and  the  cvst-wall  contained  numenuis  and 
uniformly  scattered  grains  of  golden-brown  pigment.  The  measurement 
of  the  cyst-wall  in  its  greatest  diameter  was  11'3  microns  an<l  of  the 
contained  borh*  7  microns.     (Plate  LXXIII,  Fig.  11.) 

I  propose  to  call  this  species  Ho'moproteus  phyllodactyli  n.  sp. 

H.«MOPROTEUS    ORAHAMI  n.   sp. 

The  lizard  which  is  the  host  of  this  species  is  a  rock  lizard  Agama 
nupta.  var.  fusca,  common  throughout  W.  and  N.-W.  Persia  wherever 
the  conditions  are  hiutable  for  it. 

In  the  case  of  this  Ha^moproteus  only  forms  present  in  the  peripheral 
circulation  were  encountered.  .V  prolonged  search  of  the  internal  organs 
by  means  of  .sections  revealed  no  stages  in  the  schizogcny  of  the  parasite. 
One  jKjint  of  interest  however  in  these  sections  was  that  the  parasites 
infecting  blood  cells  in  the  lungs  seemed  to  j)roduce  enormous  quantities 
of  pigment  in  abnormally  large  grains,  the  pigment  frequently  almost 
obliterating  the  outlines  of  the  infected  cell.  This  I  believe  not  to  be 
cau.sed  by  actual  production  of  larger  quantities  of  pigment  but  to  be  due 
to  the  fact  that  in  ordinary  blood  smears  the  cellular  elements  are 
stretched  out  and  so  their  superficial  area  increased,  whereas  in 
well-fixed  tissue  sections    they   preserve    their  more  compact  jiatural 
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forms,  so  that  the  same  nmniuit  of  pigment  will  appear  to  be  relatively' 
greater  in  amount. 

The    forms  met  with  in  the  peripheral  blood  were  : 
(a)  Young  forms > 
(h)  Intermediate  forms, 
(c)  Mature  forms. 

Young  forms. — These  were  situated  at  the  ends  of  the  host-cells 
and  the  most  minute  forms  measured  3  microns  by  1'5  microns. 

These  smallest  forms  stained  a  very  faint  blue  with  Eomanowsky 
stain  and  were  devoid  of  vacuoles,  but  even  the  smallest  forms  seen  had 
some  fine  pigment  granules  often  arranged  around  the  periphery  of  the 
parasite.  (Plate  LXXIII,  Fig.  12.)  Their  shapes  varied  from  rounded 
oval  to  long  forms.  As  they  increased  in  size  the  amomit  of  pigment 
also  increased  and  the  parasites  showed  considerable  amoeboid  movement 
as  shown  in  stained  preparations.  (Plate  LXXIII,  Fig.  13.)  The  host- 
cells  were  slightly  deformed. 

Intermediate  /orjns.— These,  unlike  those  of  the  species  pre%aously 
described,  generally  continued  to  occupy  the  end  portion  of  the  host-cell 
and  as  they  grew  in  size  caused  displacement  of  its  nucleus  and  some 
deformation  of  its  contour.  Even  those  forms  which  assumed  a  lateral 
position  in  the  host-cell  caused  some  deformation  of  the  latter.  The 
protoplasm  of  parasitised  cells  was  otherwise  unaltered. 

These  intermediate  forms  showed  vacuoles  and  the  same  differential 
staining  of  the  protoplasm  and  arrangement  of  the  pigment  as  the  species 
previously  described,  but  differed  in  showing  a  very  considerable  amount 
of  amoeboid  movement.     (Plate  LXXIII,  Fig.  14.) 

Mature  forms. — These  as  in  the  previous  description  could  be 
differentiated  into  male  and  female  gametocytes  by  the  differential 
staining.  Vacuoles  and  pigment  were  present  as  in  the  first-described 
species  but  the  vacuoles  were  neither  so  large  nor  so  numerous.  The 
mature  parasites  occupied  either  the  ends  of  the  host-cells  as  more  or 
less  rounded  forms  (Plate  LXXIII.  Fig.  15)  or  the  sides  as  very  stout 
oval  forms  (Plate  LXXIII.  Figs.  16  and  17).  Whatever  the  situation 
occupied  by  the  parasite,  there  was  nearly  always  some  deformation  of 
the  contour  of  the  host-cell,  whose  nucleus  was  often  pushed  to  the 
periphery.  The  protoplasm  of  the  host-cell  was  otherwise  unaltered. 
In  both  male  and  female  forms  areas  of  diffuse  chromatin  staining  could 
be  made  out,  but  in  a  few  of  the  male  gametocytes  the  chromatin  took 
the  form  of  distinct  discrete  dots.     (Plate  LXXIII,  Fig.  17.) 
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These  mature  forms  measured  in  tlieir  greatest  diameter  \'l  microns 
to  HI  microns  according  to  their  shape.  Double  and  treble  infectioji 
of  one  host-cell  were  common.  In  sections  of  limgs  of  the  host  the 
capillaries  were  found  crowded  with  infected  cells  but  no  stages  in 
schizogony  were  encountered. 

I  propose  to  call  this  species  HaMuoproteus  grahanii  n.  sp. 

In  conclusion  I  desire  to  express  my  great  indebtedness  to  Professor 
Stephens  of  the  Liverpool  School  of  Tropical  Medicine  for  allowing  me  to 
make  use  of  his  laboratories  and  for  his  assistance  in  obtaining  for  me 
literature  on  the  subject  of  this  paper.  I  also  wish  to  acknowledge  the 
kindness  of  Miss  J.  Procter  of  the  British  Museum  in  naming  for  me  the 
two  lizanls  mentioned  as  harbouring  the  parasites  described,  and  in 
obtaining  for  me  additional  material  from  one  of  the  specimens  in  her 
possession. 
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NOTES  ON  TWO  H^MOGREGARINES  OF 
PERSIAN  LIZARDS. 


Taptatn  H.  E.  short? ,  i.m.s. 
[Rofeivpd  for  pul)lication,  July  2.   1921.] 

These  ha?mogTegarines  were  encountered  in  two  lizards,  Phi/lln- 
dactylus  eUste,  and  Agama  nupta,  var.  fiisca,  from  Persia,  which  I  have 
mentioned  in  another  publication! ')  as  harbouring  two  new  species  of 
Haemoproteua. 

The  forms  met  with  in  the  peripheral  circulation  were  in  no  way 
distinctive  from  the  usual  type  of  ha3mogregarine  (sensu  stricto)  met 
with  in  terrestrial  cold-blooded  vertebrates,  nor  were  the  respective 
parasites  in  the  two  lizards  in  any  way  distinguishable  from  one  another 
as  regards  the  forms  seen  in  the  circulatmg  blood.  The  stages  of 
schizogony  in  the  internal  organs  however  showed  a  considerable 
difierence  in  the  sizes  of  comparable  forms  in  the  two  series  and  so  a 
short  description  of  each  is  given. 

Hjjmogregarine  of  Phyllodactvxus  eus.«. 

Two  formd  of  schizogony  were  met  with  :■ — 

(a)  Schizogony  in  the  red  cells,  with  the  production  of  small 
cysts  and  small  merozoits.  This  was  found  to  occur  in  the 
red  cells  contained  in  the  capillaries  of  the  lungs,  and  in 
the  spleen  and  liver. 
(6)  Schizogony  in  endothelial  cells  lining  the  air  spaces  of  the 
lungs  ;  with  the  production  of  larger  cysts  and  larger 
merozoits.  In  no  other  site  were  these  cysta  fovmd. 
i,  us.  (     827     )  J3 
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Schizogony  in  the  red  cells. 

Ill  the  three  organs  mentioned  numbers  of  small  cysts  contained 
within  the  red  cells  were  encountered.  The  word  cyst  is  here  used  to 
denote  a  compact  and  discrete  body  clearly  marked  ofE  from  surrounding 
structures,  as  an  actual  cvst-wall  was  in  this  type  of  schizogony  very 
difficult  to  demonstrate. 

The  earliest  stages  met  with  were  small  cystsin  which  the  chromatin 
had  already  imdergone  division  to  produce  numerous  small,  rounded 
aggregations  of  chromatin  closely  packed  together  and  taking  a  deep 
bluish-purple  colouration  with  Giemsa's  stain.  At  an  early  stage  the 
red  cell  was  more  or  less  destroyed  and  the  nucleus  apparently  extruded 
so  that  in  most  cases  the  cyst  appeared  to  lie  free  within  the  capillary. 
These  cysts  measured  0  microns  by  f>  microns.     (Plate  LXXIV,  Fig.  1.) 

Each  chromatin  mass  next  attached  to  itself  a  small  amount  of 
protoplasm  so  that  the  cyst  became  in  the  next  stage  an  aggregate  of 
minute  merozoits  ( micro merozo its)  lying  irregidarly  grouped  around  a 
central  residual  mass.  The  staining  of  the  chromatin  was  now  much 
less  dense  than  in  the  earlier  stage.     (Plate  LXXIV,  Fig.  2.) 

Schizogony  in  endothelial  cells  of  the  lung. 

These  cysts,  as  already  stated,  were  only  found  in  endothelial  cells 
lining  the  air  spaces  of  the  lung  and  sometimes  considerable  numbers 
were  foimd  in  close  proximity  to  one  another.  The  nucleus  of  the 
endothelial  cell  could  be  seen  flattened  out  at  the  periphery  of  the  cyst. 
The  cysts  measured  15  microns  by  12  microns.  (Plate  LXXIV,  Fig.  3.) 
In  contrast  to  the  cysts  previously  described  these  contained 
comparatively  large  merozoits  (macromerozoits)  applied  to  one  another 
like  closely-packed  sausages.  The  individual  merozoits  measured  6'5 
microns  by  1-8  microns.  Each  had  a  clearly-staining  nucleus  often 
placed  nearer  to  one  extremity.     (Plate  LXXIV,  Fig.  3.) 

I  suggest  for  this  hsemogregarine  the  name  of  Ilsemogregarina 
procteri  n.  sp. 

H^MOttREGARINE   OF   AGAMA   NUPTA    VAR.    FUSCA. 

In  this  form  only  stages  of  schizogony  comparable  to  the  larger 
type  of  cyst  in  the  species  already  described  were  met  with.  No  forms 
of  schizogony  with  the  production  of  the  smaller  type  of  cyst  were 
encomitered  either  in  red  cells  or  in  endothelial  cells.  In  this  respect  the 
hsemogregariue  differs  from  one  pieviously  described  by  the  writer  in  an 
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allied  species  of  Agama  from  the  Himalaya^")-  The  earliest  stages  of 
schizogony  appeared  to  be  small,  oval  trophozoits,  occasionally  seen  in 
small  groups  or  pairs.  These  apparently  entered  endothelial  cells  lining 
the  aiT  spaces  of  the  lungs  and  sometimes  two  were  encomitered  in  the 
same  cell.  (Plat«>  LXXIV,  Fig.  4.)  They  measured  6  microns  by  5 
microns.  The  nucleus  was  dense  and  the  protoplasm  of  a  clear,  bluish- 
violet  colour  with  Giemsa'.s  stain.  The  trophozoit  increa.sed  in  size  and 
the  protoplasm  became  vacuolated  in  appearance,  while  the  nucleus 
remained  compact  and  dense.  (Plate  LXXIV,  Fig.  5.)  The  trophozoit 
increased  still  further  in  size  and  the  chromatin  became  divided  up 
into  a  large  number  of  rounded  granular  masses.  The  cytoplasm  was 
of  a  deep  blue  and  granular  in  appearance.  (Plate  LXXIV,  Fig.  6.) 
At  a  still  later  stage  the  chromatin  masses  became  elongated  and  the 
granules  of  chromatin  were  less  densely  grouped.  (Plate  LXXIV, 
Fig.  7.) 

The  last  stage,  or  mature  cyst,  was  of  large  size,  measuring  20 
microns  by  10  microns,  while  the  containing  endothelial  cell  in  the  cyst 
figured  measured  ■23-8  microns  by  132  microns.  (Plat«  LXXIV, 
Fig.  8.) 

The  chromatin  masses  are  now  seen  to  be  each  associated  with  s 
small  amount  of  protoplasm,  the  chromatin  or  nucleus  of  the  merozoit 
occupying  one  end.  In  the  mature  cyst  figured  the  merozoits  are  seen  to 
be  already  escaping  from  the  cyst  which  contains  a  large  amount  of 
granular  residuum.  These  merozoits  measured  5  microns  by  33  microns. 
For  this  haemogregarine  I  propose  the  name  of  Haemogregarina  percorasi 
n.  sp. 
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The  tectaique  of  the  performance  of  this  test'  is  similar  to  that 
described  by  Gate  and  Papacosta  as  the  '  Formol-gel  test  for  syphihs'^ 
but  the  results  which  are  obtained  if  the  serum  of  Kala-azar  patients 
is  tested  are  quite  different  from  anything  that  is  described  by  these  two 
writers.  The  specificity  of  the  test  is  in  no  way  dependent  on  the  gel 
formation  but  on  the  accompanying  formation  of  a  white  opacity,  so 
that  not  only  is  the  name  '  Formol-gel  test  for  Kala-azar  '  inappropriate 
but  is  likely  to  be  confused  with  the  '  Formol-gel  test  for  syphilis  '  and 
consequent  misunderstandings  are  certain  to  arise.  It  is  therefore 
suggested  that  another  name  be  applied  to  this  test.  For  reasons  which 
follow  we  have  adopted  the  name  '  Aldehyde  test.' 

The  reaction  on  which  the  test  is  dependent  was  first  noted  in  the 
following  manner.  A  quantity  of  serum  was  required  for  certain 
experiments.  The  serum  was  obtained  from  patients  imder  treatment 
for  Kala-azar  by  withdrawing  the  blood  from  the  veins  after  potassium 
antimonyl  tartrate  had  been  injected.  The  serum  was  usua''y  preserved 
by  the  addition  of  carbolic  acid.  On  one  occasion,  however,  formalin 
was  used  instead  of  carbolic  acid  as  the  latter  was  not  at  hand  at  the 
time  and  also  because  I  had  always  found  the  former  very  satisfactory 
for  preserving  baciUary  emulsions  and,  if  my  memory  does  not  betray  me, 
(     830   ) 
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high-titre  sera  during  the  war.  Shortly  aftorwanls  it  \va.s  observed  that 
the  lower  portion  of  this  serum  ha<l  solidilie<l  anrl  was  hecoiuiug  opaque. 
Some  more  serum  from  another  Kala-azar  patient  was  taken  and 
formalin  added  :  a  m  irked  opacity  occurred.  It  was  then  foimd  that  the 
addition  of  dilute  carbolic  solution  intensiliod  the  result.  Samples  of 
serum  from  a  few  patients, including  one  who  had  been  diagnosed  as  a  case 
of  chronic  malaria  but  who  subsequently  turned  out  to  be  one  of  Kala- 
azar,  were  tested  in  this  way  by  the  addition  of  a  little  dilute  formalin 
and  carbolic  acid  :  a  similar  result  wa-s  obtained  in  each  case.  Normal 
serum  remained  quite  clear  after  the  iutdition  of  the  same  ruLxture. 
About  this  time  my  attention  wa.s  called  to  the  paper  by  Gati'  and 
Papacosta,  which  I  had  previously  overlooketi,  by  Captain  W.  C. 
Spackman,  lm.s.,  who  also  gave  me  his  e.xperience  with  the  test  in  a  ca.so 
of  Kala-azar.  Subsequently  a  uniform  technique  was  adojited  :  i.e.,  one 
cubic  centimetre  of  serum  was  separated  and  one  drop  of  conmiercial 
formalin  was  added.  It  was  found  that  by  this  method  a  more  definite 
result  was  obtained. 

The  test. 

About  5  CO.  of  blood  is  withdrawn  from  the  patient's  arm  and 
allowed  to  stand  for  a  sufficient  time  for  the  seriun  to  separate. 
1  c.c.  of  clear  serum  is  then  placed  in  a  small  test  tube  \  inch  diameter, 
to  this  one  drop  of  30  per  cent*  formaldehyde  in  the  form  of  commercial 
formalin  is  a<lde<l,  the  serum  immefliately  well  shaken  ami  placed  m  a 
test  tube  rack  at  laboratory  temperature.     The  results  are  as  follows  : — 

Th".  serum  jrom  an  untreated  case  of  Kala-azar. 
The  scrum  will  immefliately  become  viscid,  within  a  minute  or 
two  will  have  '  set,'  so  that  the  tube  can  be  inverted  without  the 
serum  being  spilled,  anrl  will  begin  to  become  whitish  and  opalescent. 
Within  from  three  to  twenty  minutes,  the  time  varying  with  different 
cases,  the  whole  of  the  serum  will  have  become  absolutely  solid  and 
opaque  like  serum  coagulate!  by  heat  or  the  '  white  '  of  a  hard  boiled 
egg.  (Plate  LXXV,  Fig.  IV.)  If  the  serum  is  hasmoglobin-staincfl  the 
coagulated  serum  will  have  a  pink  tinge  which  will  turn  chocolate 
brown  after  24  hours. 


•  Xote. — The  porcent»iiP  <if  formaMchvIo  in  mninirrcial  formiilin  is  vii»l  tf.  be  40 
Iier  cent  but  the  Mmploii  in  our  labomtorv  h»vo  been  (oimrl  to  be  about  30  per  cent. 
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The  serum  Jrom  cases  of  phthisis,  leprosy,  malaria  and  certain  other 
conditions. 
Usually  no  change  is  at  first  observed  but  after  half  an  hour, 
or  in  some  cases  less,  the  serum  becomes  jellifie<;l  and  after  a  few 
hours  a  certain  degree  of  opacity  may  be  observed  but  there  is  no 
comparison  between  this  and  the  complete  opacity  that  occurs  in  the 
kala-azar  cases.     (Plate  LXXV,  Fig.  II.) 

After  24  hours  jellification  occurs  in  the  serum  from  some  cases  of 
syphilis      This  is  the  reaction  that  is  described  by  Gate  and  Papacosta. 

The  serum  oj  a  healthy  person  or  a  patient  sujfering  jrom  some  disease 
not  included  in  the  above  categoriei. 
The  serum  will  remain  quite  clear    and    fluid   for  a  more    or    less 
indefinite  period.     (Plate  LXXV,  Fig.     I.) 

Notes  on  the  reading  oj  results. 

In  the  case  of  the  serum  of  very  young  children  with  Kala-azai 
the  opacity,  after  the  addition  of  formalin,  may  not  be  absolutely 
complete,  but  up  to  the  present  we  have  found  that  in  the  case  of  very 
young  children  not  suffering  from  Kala-azar  the  serum  will  remain 
absolutely  clear,  so  that  if  there  is  jellification  and  any  degree  of  opacity 
in  that  of  a  child  of,  say,  three  years,  the  result  can  safely  bo 
considered  to  be  '  positive.' 

We  have  observed  recently  in  two  cases  of  malaria,  in  which  there 
were  a  large  number  of  parasites  actually  present  in  the  blood  at  the 
time  it  was  mthdrawn,  that  on  addition  of  the  formalin  the  serum 
became  rapidly  solid  and  assumed  quite  a  marked  degree  of  opacity. 
(Plate  LXXV,  Fig.  III.)  On  the  first  occasion  that  this  occurred  we 
immediately  assumed  that  we  were  dealing  with  a  case  of  Kala-azar  and 
were  surprised  not  to  find  Leishman-Donovan  bodies  in  the  spleen,  but 
on  the  second  occasion  that  we  came  across  a  reaction  of  this  kind  it 
was  immediately  recognised  as  being  similar  to  the  previous  one  and  a 
diagnosis  of  malaria  was  made.  This  diagnosis  was  subsequently 
proved  to  be  correct.  Even  after  standing  for  24  hours  both  these  sera 
were  distinctly  opalescent  and  had  a  characteristic  greenish  tinge  which 
made  them  easily  distinguishable  from  the  Kala-azar  serum  which  is 
absolutely  opaque  and,  if  previously  unstained,  a  dead  white.  I  was 
disappointed  at  getting  these  two  somewhat  ambiguous  results  as  they 
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tend  to  show  that  the  test  is  one  of  dcgrw  rather  than  an  absolute  tost 
as  I  had  hopeil  that  it  would  prove  to  be,  ami  furthermore  they  make 
one  afrai<l  to  trust  anv  modification  of  this  test  in  which  a  smaller 
quantity  of  serum  is  usetl. 

In  onler  to  measure  the  opacity  we  have  nnule  use  of  a  small 
cvliiulrical  cell,  1'25  cm.  in  diameter  ami  O'l  cm.  deep,  the  capacity 
being  about  0-5  c.c.  Thoma-Zeiss  hajinocytometer  white  bloo<l  counting 
pij>ette  also  has  a  capacity  of  0-5  c.c.  and  is  therefore  a  useful  mixer.  One 
part  of  20  per  cent  formaldehyde  and  ten  parts  of  serum  arc  taken  into 
the  pipette  and  rapidly  expelled  into  the  cell  which  is  immediately 
covcnxl  with  a  coverslip.  The  cell  is  then  placc<l  over  some  standanl 
print  and  the  time  notxxl  at  whicii  the  print  becomes  unreatlable.  In 
the  two  malaria  cases  mentioned  above  the  print  was  still  readable  at  the 
end  of  21  hours,  whereas  in  all  cases  of  untreate<l  Ivala  azar  it  becomes 
unrea<lable  in  from  three  to  twenty  minutes  or,  in  extreme  cases,  two 
hours.  This  will  be  a  useful  meth(Kl  of  measuring  the  patients  progress 
under  treatment,  if  the  disappearance  of  this  reaction  is  found  to  be  an 
indication  of  the  improvement  of  the  patient's   condition. 

These  are  the  only  two  cases  in  which  any  judgment  is  required 
in  reading  the  results  of  the  test. 

Signs  (ulopted  Jor  record iii'j  lite  rc-sidl-'i. 

(a)  If  the  scrum  bcconic.t  solid  ami 

completely  opa<|ue  within  . .   20  miiiutc»      . .      +     +     + 
(';)  . .  . .  . .     2  hours  . .      -p     + 

(c)  . .  . .  . .   24  hour*  . .      -r 

((<)  If  the  scrum  becomes  solid  mid 

markedly     opalescent     but 

never  completely  opaque    ..  ..     (  +  ) 

(c)  If  the  serum  l>ecomes  solid  and 

slightly  o[«leswnt  ..  ..     (  — )     (~) 

(/)  If  the  scrum  becomes  solid  but 

remains  quite  clear  ..  ..(  —  ).  • 

(j)  If  the  serum  remains  Huid  and 

clear  for  . .  . .   24  hour>  . .      —     ive 

In  the  untreated  patient  (a),  (6)  and  (c)  may  be  considered  '  iK)sitive,' 
(d)  should  be  judged  acconling  to  the  age  of  the  patient,  an.l  (e),  {J)  and  [ff) 
should  be  coasidered  as  '  negative.' 

There  is  at  present  at  our  rlisposal  only  one  certnin  metho<»  of  the 
diagnosis  of  Kala-azar,  that  is,  by  the  recovery  of  the  lausativc  organi.Mn 
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from  the  patient.  The  fuidin<;  of  the  Leishman-Donovan  bfwlies  in  the 
[)eripheral  blood  is  an  excellent  method  of  making  a  positive  diagnosis 
but  the  failure  to  find  thenxdoes  not  ronstitutc  a  negative  one.  We  have 
found  this  method  of  diagnosis  a  most  unsatisfactory  one  in  Calcutta. 
On  only  two  occasions  have  we  foimd  Leishman-Donovan  bodies  in  the 
peripheral  blood  of  patients  out  of  over  two  hundred  definite  cases 
examined.  It  is  true  that  we  were  not  looking  for  the  parasites  in  most  of 
the  cases  but  either  doing  blood  counts  or  looking  for  malarial  parasites. 
Had  the  Leishman-Donovan  bodies  been  present  in  any  numbers  they 
would  most  certauily  have  been  observed.  On  account  of  the  difficulty 
experienced  in  keeping  culture  medium  free  from  contamination  during 
the  rains  and  hot  weather  we  have  been  compelled  to  give  up  this  means 
{i.e.,  by  culture  of  the  peripheral  blood)  of  diagnosis  also  and  to  reserve 
our  energies  in  this  direction  for  checking  the  results  of  treatment.  We 
are  therefore  left  with  spleen  puncture  and  the  microscopic  examination 
of  the  fUms  for  Leishman-Donovan  bodies  as  the  only  certain  means  of 
diagnosis. 

It  is  obvious  that  before  ad\'ocating  a  new  method  of  diagnosis 
one  must  check  its  accuracy  by  employing  it  in  conjunction  with  the 
most  certain  of  previously  used  methods.  We  have  therefore  tried  this 
test  in  a  number  of  untreated  cases  in  which  a  spleen  puncture  has 
been  done. 

Table  I  gives  the  result  of  15(>  consecutive  untreated  cases  whose 
condition  simulated  Kala-azar  and  on  whom  a  satisfactory  spleen 
puncture  had  been  done.     (This  table  will  be  found  in  the  Appendix.) 

Analysis  oj  I'ablr  I. 


Cases  in  which  L.D.  bodies  wore  foun<! 
Cases  ill  which  malarial  parasites  were  found 
Cases  of  Leukasmia 
Cases  in  which  no  parasites  were  found 


Aluehvue  test   kes  Ui.t. 


It  will  be  seen  from  the  above  analysis  that  the  spleen  puncture 
findings  and  the  results  of  the  Aldehyde  test  correspond  in  147  out  of 
150  cases,  that  is  in  98  per  cent  of  cases. 
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Ciusc  numbor  38  of  tliis  series,  the  ciise  in  whicli  the  spleen  puneture 
was  negative  ami  the  aldehyde  test  jKisitive,  was  pnibably  a  true  case 
of  Kala-azar.  She  was  a  woman  age<l  38  :  she  had  lfa<l  contijiuous  fever 
for  some  months  :  she  had  a  large  spleen,  a  palpable  and  tender  liver, 
oedema  of  the  feet  and  she  was  ana-mic.  She  has  now  been  imder 
treatment  by  intravenous  antimony  for  two  n\onths  and  is  ven.' 
considerably  improve<l.  She  has  ha<l  no  fever  for  over  a  month  :  she 
has  no  oedema  :  her  spleen  and  liver  are  docreaseii  in  size  and  she 
is  less  amemic. 


Table  1. 


So. 

Date. 

r«lnn.. 

S._  \ . 

.\-ir. 

Sjilccii  {luiicturc  (indiums. 

Aldelode  tc-l. 

1 

a»-«-2i 

B.  C.  S  X...     80 

.Mai. 

41 

L.-l».  l)o.lio. 

Positive. 

4 

3(t-6-21 

.M.          Xo.    9:i 

.Male 

21 

l..-U.^buclies  found 

Positive. 

3 

20-fr-21 

R.           Xo.     95 

Male 

l.T 

No  paranitri 

Negative. 

4 

30-6-21 

H.  N.     Xo.  102 

.Ma!o 

19 

L.-D.  bo<lies 

Positive. 

o 

20-6-21 

X.C.      X...  10.-. 

-Mall- 

30 

L.-I).  l)odics 

Positive. 

(i 

28-6-21 

X.           X...  It).-. 

.Mai. 

40 

Xo  panKiti  - 

Negative. 

7 

1-7-21 

Mi*.  K.  X...  118 

Fcniali- 

15 

L.-D.  liotlics 

+    + 

8 

2-7-21 

J.  K.      Xo.  121 

M«l<- 

40 

I,.-D.  lx«Ii<-'foiiii.I 

Pbailive. 

9 

11-7-21 

!>.  B.      X...  I2<i 

.Male 

6 

L.-n.  i-KJi. 

+  +   + 

10 

15-7-21 

S.  S.       NV  l.ll 

Male 

35 

L.-D.  bodies      , 

+  -1-   + 

11 

15-7-21 

J.  S.       Xo.  l.TJ 

Mair 

32 

No  parasites 

(  -) 

12 

18-7-21 

L.  H.     Xo.  n« 

.Malr               ,. 

15 

I,..D.  bo.li.- 

+   +   + 

13 

18-7-21 

R.  M.     Xo.  148 

Mai.- 

3« 

L..D.  IkkUcs 

+  -1-   -f- 

U 

21-7-21 

J.  X.  K.Xo.  149 

Mal<- 

7 

!,.-U.  bodiis 

—  ive. 

15 

21-7-21 

A.           .\o.  137 

Male 

15 

I,.-D.  bodies 

+    +    + 

16 

2I-7-2I 

M.  K.     Xo.  122 

Mair 

21 

L.-D.  bodie* 

+    +    + 

17 

21 -7-21 

A.           Xo.   147 

.Male 

10 

No  paraaitea 

—  ivc. 

18 

22-7-21 

A.  G.      Xo.  1.^.2 

Female 

12 

L.-D.  bodies 

+    + 

19 

22-7-21 

T.  H.     Xo.  l.M  , 

.Male 

8 

I..-D.  bodies 

-1-   +   + 

20 

22-7-21 

P.  X.      No.  1.54 

Kale 

27 

No  psraiiitrs 

(  -  ) 

21 

23-7-21 

C  W»nl  Xo.   .53  ' 

Male 

«» 

L.-D.  h.Hlie. 

+•    +     + 
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No. 

Date. 
23-7-21 

Patient. 
S.  J.       No.  155 

Sex. 

Age. 

Spleen  uuncture  findings. 

Aldehyde  test. 

22 

Female 

11 

No  parasites 

—  ive. 

23 

26-7-21 

M.          No.  145 

Female 

48 

L-.D.  bodies 

+   +  + 

24 

26-7-21 

P.B.  B.  No.  158 

Male 

19 

L.-D.  bodies 

+  +  + 

25 

26-7-21 

M.          No.  loO 

Male 

40 

L.-D.  bodies 

+  +  + 

26 

26-7-21 

S.           No.  141 

Male 

15 

Malarial  parasites,  M.  T. 

(  -  ) 

27 

26-7-21 

R.           No.  157 

Male 

12 

Malarial  parasites 

—  ivo. 

28 

26-7-21 

P.S.  Ward  No.  200 

Male 

16 

L.-D.  bodies 

+   +   + 

.29 

26-7-21 

N.          No.  16-1 

Male 

32 

No  parasites 

—  ivp. 

30 

26-7-21 

S.           No.  159 

Male 

32 

L.-D.  bodies 

+   +  + 

31 

26-7-21 

R.          No.  160 

Male 

12 

No  parasites 

(  -  ) 

32 

26-7-21 

C.           No.  162 

Female 

16 

No  parasites 

(  -  ) 

33 

26-7-21 

S.           No.  163 

Male 

16 

L.  D.  bodies 

+   +   + 

31 

26-7-21 

R.  L.      No.  161 

Male 

28 

L.-D.  bodies 

+  +   + 

33 

26-7-21 

0.           No.  135 

Male 

25 

L.-D.  bodies 

+   +   + 

36 

26-7-21 

N.  N.     No.  165 

Male 

19 

Malarial  parasites,  B.  T. 

(   -  ) 

37 

27-7-21 

S.M.B.  No.  166 

Male 

29 

Malarial  parasites,  M.  T. 

(   -  ) 

38 

27-7-21 

M.          No.  169 

Female 

36 

No  i)arasites  found 

+   +   + 

39 

27-7-21 

D.-J.      No.  168 

Male 

9 

L.-D.  bodies 

-f  -1- 

40 

27-7-21 

M.  K.     No.  167 

Male 

27 

L.-D.  bodies 

+  + 

41 

27-7-21 

S.           No.  138 

Male 

9 

L.-D.  bodies 

+  +  + 

42 

27-7-21 

H.          No.  156 

Male 

27 

L.-D.  bodies 

+   +  + 

43 

27-7-21 

L.  R.     No.  156 

Male 

16 

L.-D.  bodies 

+   +   -h 

44 

27-7-21 

U.          No.  170 

Female 

30 

.Malarial  parasites 

(  -  ) 

43 

29-7-21 

A.  R.  N.  No.  139 

Male 

14 

L.-D.  bodies 

+   +   + 

46 

29-7-21 

M.  \.     No.  172 

Male 

18 

L.-D.  bodies 

+   -f  + 

47 

29-7-21 

R.WardNo.  244 

Male 

50 

L.-D.  bodies 

-f   -f   + 

48 

30-7-21 

A.  Taylor 

Male 

5 

L.  D.  bodies 

+   -t-   + 

49 

4-8-21 

S.           No.  175 

Male 

23 

Maiariai  parasites 

(   -  ) 

30 

4-8-21 

K.  B.     No.  176 

Male 

40 

L.  D.  bodies 

+  +   + 

L.  £.  Napier. 
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Age.      Sjili'cn  |>unclurr  liiidingK.     Aldrhyde  tr«t. 


51 

4-<<»-2l 

B.  A.      X...   177 

.M«le 

.         15 

1...D.  bodies 

.4. 

i2 

4-S-2I 

Ja  mcs 

Male 

?„■< 

I..  1>.  iKKlies 

.;      -f     -i- 

53 

4-8-21 

A.  A.  Wanl 

Xo.  2.17 

Malr 

i:i 

L.    1).    t«Kli,» 

-1-     -     - 

54 

5-»-2l 

.M.  M.  S.  Wartl 
Xo.  236 

Male 

2(1 

-Malarial  parasites 

-   ive. 

55 

.'>-8-2I 

Wanl     Xo.  252 

Male 

1" 

L.I).  Ixxlirs 

■f    +    + 

o6 

5-8-21 

N.  G.      Xo.  179 

.Malr 

:»9 

Xo  jiara.sito.o 

{  -   ) 

37 

5-8-21 

T.  G.      Xo.  180 

Malp 

1    II 

L.  1)   lx)die- 

+    +    + 

58 

5-8-21 

A.  K.     Xo.  181 

Male 

15 

Xo  |>ara.sitcs 

-  ive. 

59 

U»-,S-21 

Wanl     Xo.  221 

Male 

30 

X'o  panuiitef: 

(  -  ) 

60 

10-8-21 

Wanl     Xo.  210 

Male 

20 

L..I).  bo(lic.<i 

-.     .:      -> 

61 

10-8-21 

S.            X...  18:i 

Male 

20 

L.!).  bodies 

+    +    + 

62 

10-8-21 

L.M.B.  Xo.  184 

Male 

14 

Xo  parasites 

—  ive. 

63 

10-8-21 

K.C.B.  Xo.   \V, 

.Male 

.10 

L.-D.  bodies 

+   + 

64 

12-8-21 

Wanl     Xo.  220 

.Male 

25 

L.  D.  boflieK 

+   + 

65 

12-8-21 

Wanl     Xc.  217 

-Male 

.% 

L.D.  bodies 

+   +   + 

66 

12-J$-2I 

B.           Xo.  186 

Male 

6 

Malarial  jnnutitcs 

—  ive. 

67 

1.-.-S-21 

C.           Xo.  188 

Male 

.15 

L.-D.  bodies 

+  +   + 

68 

1.V8-21 

H.C.  r.  Xo.  190 

.Male 

54 

L..D.  bodieH 

+   +   -f 

60 

16-8-21 

Wanl     Xo.  195 

Male 

24 

L.-n.  bo.lies 

+   +   + 

70 

17-8-21 

H.          Xo.  191 

Male 

IS 

ihlarial  parasites 

(  -  ) 

71 

17-8-21 

I.  X.       Xo.  192 

Male 

20 

No  parasites 

(  -   ) 

72 

17-8-21 

.'J.           Xo.  194 

Male 

35 

Xo  parasites 

—  ive. 

73 

17-8-21 

MiwS.   Xo.  195 

Female 

10 

L..P.  l^Klies 

■i-    -i-    4- 

74 

1 7-8-21 

MjmX.  Xo.  196 

Female 

17 

L.-D.  bodies 

+     4-     + 

7o 

17-8-21 

M.  L.      Xo.  197 

Jfale 

17 

L.-D.  bodies 

+     +     + 

76 

17-8-21 

H.            Xo.  198 

Male 

II 

L.D.  bodies 

+     +     + 

77 

17-8-21 

.<5.             Xo.   199 

Male 

."Wl 

L.D.  bodies 

•f    -4-    + 

78 

17-8-21 

T.  D.     Xo.  124 

Female 

i     ^* 
1 

L.-D.hnHie«                  .     1 

+    +   + 
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Table  1. — contd. 


No. 

Date. 

Patient. 

Sex. 

Age. 

Spleen  imncture  finding.?. 

Aldehyde  test. 

79 

17-8-21 

.1. 

No.  200 

FeinaU- 

11 

L.D.  bodies 

+   +   + 

cSO 

1  7-8-:21 

R.  U. 

No.  202 

Male 

20 

L.  D.  bodies 

+   +   + 

81 

17-8-21 

E.  B. 

No.  203 

Jlale 

22 

L.-D.  bodies 

+   +   + 

82 

17-8-21 

H.  H. 

Xo.  204 

Male 

17 

Malarial  parasites 

(   -   ) 

83 

22-8-21 

M. 

No.  205 

Male 

18 

L.-D.  bodies 

+   +   + 

84 

22-8-21 

R.J. 

No.  207 

Male 

30 

.Malarial  para.sites 

(   +  ) 

8.j 

23-8-21 

P. 

No.  208 

Male 

.30 

Malarial  parasites 

(   -  ) 

Sti 

23-8-21 

S.  T. 

No.  209 

Male 

35 

No  parasites 

(   -   ) 

87 

24-8-21 

Ward 

No.  217 

JIale 

30 

L.-l>.  bodies 

+   +   + 

88 

24-8-21 

H.  L.  t 

.No.  211 

Male 

42 

L.D.  bodies 

+   +   + 

89 

24-8-21 

T. 

No.  212 

Male 

18 

L.-D.  bodies 

+   +   + 

90 

25-8-21 

P. 

No.  213 

Male 

25 

L.-D.  bodies 

+   +  + 

91 

2.-.-8-21 

S.  G.  R 

.No.  214 

Male 

23 

L.-D.  bodies 

+   +   + 

92 

2.i-8-21 

Ward 

No.  229 

Male 

32 

L.  D.  bodies 

+   -f   + 

93 

25-8-21 

H.  B. 

No.  218 

Male 

38 

L.-D.  bodies 

+   +   + 

94 

30-8-21 

Ward 

No.  250 

Jlale 

29 

No  parasites 

(   -) 

9.5 

30-8-21 

S. 

No.  219 

Male 

26 

Xo  parasites 

(   -   ) 

9i,i 

31-S-21 

A. 

Xo.  220 

Male 

50 

L.-D.  bodies 

+   +   + 

97 

31-8-2! 

B.  K.  D.  No.  221 

Male 

30 

No  parasites 

(   -  ) 

9S 

31-8-21 

P.  P.  o 

.  No.      4 

Male 

17 

No  parasites 

(   -  ) 

90 

31-S-21 

B.N.J 

.  Xo.  222 

Male 

22 

No  parasites 

(   -   ) 

100 

31-.8-21 

P.  D. 

Xo.  223 

Male 

26 

Malarial  parasites 

(   -   ) 

101 

1-9-21 

K. 

No.  224 

Male 

10 

L.  -D.  bodies 

+   +    + 

102 

1-9-21 

A.  H. 

Xo.  226 

Male 

15 

L.-D.  bodies 

+   +   + 

103 

1-9-21 

Ward 

Xo.     54 

Male 

36 

No  pnrasites,  leukseniia  . 

(   -   ) 

104 

2-9-21 

S. 

Xo.  227 

Male 

15 

No  parasites 

(   -   ) 

105 

2-9-21 

L.  H. 

No.  228 

Male 

15 

L.-D.  bodies 

+   + 

100 

2-9-21 

S. 

Xo.  229 

Male 

15 

L.-D.  bodjes 

+  H-  + 

107 

7-9-21 

B. 

Xo.  230 

Male 

22 

No  parasites 

(  -  ) 
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No. 

1 
Dftt«. 

Patient. 

1 

S«x. 

Age. 

108 

7-9-21 

J.  G. 

No.  231 

Male 

18 

109 

7-9-21 

N. 

No.  232      >Ulo 

16 

110 

7-9-21 

R.  G. 

No.  233  1  SWc 

32 

111 

7-9-21 

B. 

No.  235     Male 

13 

112 

10-9-21 

\V«nl 

N...  225     Male 

17 

113 

10-9-21 

H. 

No.  239  i  Male 

16 

114 

10-9-21 

H.  L.  M.  No.  240 

Mai.- 

25 

116 

19-9-21 

S. 

No.  24fi 

Mate 

28 

116 

19-9-21 

G.  M. 

No.  247 

Male 

12 

117 

19-9-21 

S.  .\. 

No.  248 

Male 

20 

118 

21-9-21 

K.r. 

N...  249 

Male 

20 

119 

21-9-21 

K.M. 

No.  250 

Male 

29 

120 

21-9-21 

H.  0. 

B.  Xo.  251 

Male 

20 

121 

21-9-21 

H. 

No.  252 

Mai.- 

16 

122 

21-9-21 

\V.  I. 

B.  No.  253 

Mal<- 

27 

123 

21-9-21 

New 

No.  2M 

Male 

ft 

124 

21-9-21 

N. 

No.  256 

Male 

40 

125 

22-9-21 

K. 

No.  257 

Male 

30 

120 

22-9-21 

.M. 

No.  258 

Male 

20 

127 

2ft-9-21 

Ward 

No.  215 

.Male 

45 

128 

26-9-21 

Ashii 

N'j.  261 

Male 

23 

129 

2ft-9-2I 

I. 

No.  263 

Female 

10 

130 

2tt-9-21 

N. 

No.  264 

Female 

25 

131 

2«-9-21 

G. 

No.  266 

Male 

14 

132 

28-9-21 

H. 

No.  267 

Male 

30 

133 

28-9-21 

A.M. 

No.  269 

Male 

11 

13-i 

30-9-21 

O.  M. 

No.  270 

Male 

32 

135 

.10-9-21 

H. 

No.  271 

Male 

22 

13« 

30-9-21 

T. 

No.  273 

Male 

3. 

Age.     8plreu  piineliire  (iiidiiiga.    Aldehyde  teat. 


L.-D.  bodies                  . .  ! 

+   +   + 

L.-D.  bodies 

—  ive. 

L.  D.  bodies 

■i      +     -r 

No  parasites 

—  ive. 

L.-D.  bodies 

•f    +    + 

Malarial  parasites 

(    -    ) 

No  parasites 

-  ive. 

No  parasites 

—  ivi-. 

L.-D.  bodies 

+   -f   -f 

L.-D.  bodies 

4-  +  -f 

L..D.  bodies 

-f  +   + 

L.D.  bodies 

-f   +   -f 

No  parasites 

—  ive. 

Malarial  iiarasi(.-s 

(         ) 

L.-D.  bodies 

+   +    -f 

Malarial  parasites,  B.  T. 

—  ive. 

No  parasites,  leukaemia. 

—     IVI-. 

L.-D.  bodies. 

f    +    -f 

Malarial  parasites 

(   -   ) 

No  parasites 

(   -   ) 

L.  D.  bodita 

+    -f    + 

L.-D.  bodies 

+    +    -1- 

L.D.  bodies 

+    +    + 

L.  D.  bodies 

+    +    + 

Malarial  parasites 

(   +   ) 

Malarial  parasites,  B.  T. 

J        '-' 

L..D.  bodies 

+    +    + 

No  parasite* 

'   -   ) 

No  patMitea 

1        (   -   ) 
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No. 

Date. 

Patient. 

Sex. 

Age. 

Spleen  puncture  fmclings. 

Aldehyde  test. 

137 

30-9-21 

D.N. 

No.  274 

Male 

16 

L.-D.  bodies 

+   +   + 

138 

3-10-21 

A. 

No.  275 

Female 

16 

Malarial  parasites,  B.  T. 

(   -   ) 

139 

3-10-21 

D. 

No.  277 

Male 

10 

L.-D.  bodies 

+   +   + 

140 

3-10-21 

R.  H. 

No.  278 

Male 

30 

No  parasites 

(   -   ) 

141 

3-10-21 

M. 

No.  279 

Male 

22 

L.-D.  bodies 

+   +   + 

142 

5-10-21 

M.  0. 

No.  280 

Male 

34 

No  parasites 

(   -  ) 

143 

5-10-21 

M. 

No.  282 

Male 

30 

No  parasites 

(   +  ) 

144 

6-10-21 

G.N. 

No.  283 

Male 

20 

L.-D.  bodies 

+   +   + 

145 

13-10-21 

R.  F. 

No.  285 

Male 

13 

L.-D.  bodies 

+   +   + 

146 

13-10-21 

K. 

No.  286 

Male 

n 

L.-D.  bodies 

+    +   + 

147 

13-10-21 

A. 

No.  287 

Male 

30 

Malarial  parasites 

—  ive. 

148 

13-10-21 

G.  K. 

No.  288 

Male 

32 

No  parasites 

(   -  ) 

149 

13-10-21 

A.  G. 

No.  289 

Male 

28 

Malarial  parasites,  B.  T. 

(   -  ) 

ISO 

13-10-21 

^I.  N. 

No.  291 

Male 

40 

No  parasites 

(   +   ) 

Numbers  14  and  109,  the  two  cases  in  which  the  aldehyde  test  was 
negative  but  m  whose  s])leens  the  parasites  of  Leishmamasis  were  found, 
were  clinically  very  much  alike.  They  gave  a  history  of  a  year  and  a 
month,  respectively.  They  denied  having  lost  weight  and  both  looked 
well  nourished.  They  gave  no  history  of  bleeding  from  the  gums  or 
nose :  were  only  slightly  if  at  all  anaemic  :  their  pulses  were  slow  and 
their  spleens  not  markedly  enlarged.  The  clinical  diagnosis  in  each 
case,  prior  to  spleen  puncture,  had  been  chronic  malaria.  The  former 
patient  attended  for  treatment  without  much  change  in  his  condition 
for  about  a  month  and  then  discontinued  of  his  own  accord.  The 
latter  did  not  attend  for  treatment. 


The  aldehyde  test  and  the  Wassermann   reaction. 
As  the  formol-gel  test,  the  father  of  this  test,  was  put  forward  as  a 
test  for  syphilis  it  was  felt  that  it  would  be  interesting  to  compare  the 
results  of  the  aldehyde  test  with  those  of  the  Wassermann  reaction.     The 
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Wassermann  reaction  was  done  in  86  of  the  150  cases  reported  in  taMo  I . 
This  work  was  carrieil  out  by  the  Iinjierial  Serologist.  TaMe  II  gives 
these  results. 

Tahlk  II. 


Total. 


Cks^s  in   which  the  alJehyile  test  was 
'  puaitire  '     . . 

C»s<»s  iu  which    the  aldehyde  test  was 
'  negative  '    . . 


Wasserman.s  Reaction. 


Positive. 


Strongly.       Partially. 


Negative. 


The  figures  seem  to  suggest  that  there  is  very  little,  if  anv. 
relationship  between  the  two  reactjoas. 

Further  controls. 

Although  the  test  has  been  done  on  nearly  G<>  non-kala-azar  cases 
amongst  the  spleen- puncture  series,  it  was  thought  advisable  to  do  it  on  a 
few  more  samples  from  patients  suffering  from  other  diseases.  Fifty 
cases  were  chosen  in  whom  a  definite  diagno.sis  of  .some  other  disease  hatl 
been  made  and  their  serum  was  subjected  to  the  aldehyde  te.st.  Table  III 
gives  these  result.s.     The  patients  were  all  adults.     It  was  onlv  iu  the 

T.\BLE    III. 

Controls. — Cases  with  n  dejinile.  diagnosis  of  some  cnmUlinn  other  than 
Knla-nznr. 


Patient. 


No.  .3  Wan! 

No.  4.-I  O.    P. 

Leper  *  A ' 

Leper  '  B  ' 

Leper  '  ('■  ' 

Uper  •!)• 

I<eper  '  E " 


Diagnosis. 


Enteric 
KiUriasifl 

IjepniHy,  ailvancecl 
I^prony,  nifHlfrately  iievere 


Aldehyde  trHt 

—  ire. 

-  Ive. 

pvere 

(-)(-) 
(-) 

(-) 
-  ire. 

" 

(-) 
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Table  III. — contd. 


No. 

Patient. 

Diagnosis. 

Aldehyde  test. 

8 

Leper    '  F ' 

Leprosy,  moderately  severe 

—  ive. 

9 

Leper    '  G ' 

. 

,.                  „              „ 

(-) 

10 

Leper    '  H ' 

„                  „              „ 

(-) 

11 

C.  F.  G. 

. 

Dysentery 

—  ive. 

12 

No.  182  O.  P. 

. 

Syphilis  (Wassermami  positive).. 

—  ive. 

13 

T.  B.  No.   1 

. 

Advifnced  pulmonary  tuberculosis 

(— ) 

14 

T.  B.  No.  3 

..                  ).                  .... 

(-)  (-) 

IS 

T.  B.  No.  7 

»       ■ . 

(-) 

1() 

T.  B.  No.  1 7 

(-) 

17 

T.  B.  No.   1!) 

„                  .... 

(-) 

18 

T.  B.,  O.  P.  a. 

.    1   Piilmonarv  tuberculosis 

(-) 

m 

T.  B.,  0.  P.   b.       . 

„                    „ 

—  ive. 

20 

T.  B.,  O.  P.  c.       . 

. 

„                    „ 

(-) 

21 

T.  B.,  0.  P.  d.       . 

. 

,.                    .. 

(-) 

22 

T.  B..  0.  P.  e.        . 

(-)  (-) 

23 

No.  248      Ward     . 

Malignant  disease 

(-) 

24 

No.  200 

Pelvic  inflammation  . . 

—  ive. 

2.") 

Jew 

Appendicitis 

—  ive. 

2r. 

No.   160 

Advanced  T.  B.  lungs 

(  +  ) 

27 

No.  167 

Leukaemia,  spleeno-medullary     . . 

—   ive. 

28 

No.  261 

Early  tuberculosis,  lungs 

—    ive. 

20 

No.  272 

B.  T.  malaria 

—   ive. 

30 

No.  232 

M.  T.  malaria 

(-) 

31 

"Ward  No.   228 

Gastric  ulcer 

—  ive. 

32 

Ward  No.  230 

Malaria 

—  ive. 

33 

Ward  No.  232       . 

Morbus  Cordis 

—  ive. 

34 

Ward  No.  239 

Nephritis 

—  ive. 

35 

Ward  No.  243       . 

,. 

—  ive. 

3r. 

Ward  No.  244       . 

Hemiplegia 

—  ive. 

37 

Ward  No.  209       . 

Gonorrhoea 

(-) 

38 

Ward  No.  214 

M.  C.  Mitral 

—   ive. 

39 

Ward  No.  216       . 

. 

„ 

—  ive. 

40 

Ward  No.  219       . 

Dysentery 

(-) 

41 

Ward  No.  221       . 

Morbus  Cordis 

(-) 

42 

Ward  No.  200 

Malaria 

—  ive. 

43 

Ward  No.  217 

Beri-Beri 

—  ive. 

44 

Ward  No.  206       . 

Malaria 

—  ive. 

45 

M.'s  case 

Tuberculosis 

(-) 

46 

McV.'s  case.  a. 

Ankylostomiasis 

—  ive. 

47 

McV.'s  case.  b. 

—  ive. 

48 

No.  198 

Broncho-pneumonia 

—   ive.  ' 

49 

No.  234 

Lobar  pneumonia 

—  ive. 

50 

No.  251 

Malaria,  IM.  T. 

(-) 

tuberculosis  and  leprosy  cases  that  any  clouding  of  the  serum  was 
observed.  It  was  not  considered  necessary  to  do  the  test  with  the  serum 
from  normal  individuals  and  from  cases  of  uncomplicated  syphilis 
as  this  has  already  been  done  by  the  originators  of  the  Formol-gel 
reaction  and  other  observers  with  apparently  uniformly  '  -  ive  '  or  '  ( — ) ' 
results. 
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The  lest  in  Kdlo-nzar  amen  under  treiUmeniJ^ 
The  results  which  are  obtained  if  the  serum  of  patiouts  under 
autiuioixv  treatment  be  tested  vary  between  strongly  iwsitive  and 
absolutely  negative.  There  is  a  decided  tendency  for  the  reaction 
to  disappear  as  the  treatment  progresses  but  we  are  not  yet  in  a  position 
to  say  to  what  ext€nt  we  can  rely  on  tliLs  test  as  an  indication  of 
the  progress  of  the  patient  towarils  recovery.  If  it  is  found  that  the 
progress  of  the  patient  can  be  measured  in  tliis  way  an  accurate  method 
of  measuring  the  opacity  of  the  seruni  will  have  to  be  introduced. 
Possibly  some  method  on  the  lines  of  the  one  that  I  have  already 
suggested  might  be  used.  Tables  IV  and  V  give  the  results  of  the 
test  in  treated  Kala-azar  cases. 

T.\BLE   IV. 

Ccues  under  Irealnient. 


Mi}m-<.  ot 

No. 

D>t«. 

1 

Patient. 

Age  and  sex. 

antimony 

Rciiili. 

sail  given. 

1 

15-7-21 

1     ■ 
No. 

r>% 

30  mule 

2,0iMi 

(  +  ) 

2 

15-7-21 

Xo. 

54 

12  mail' 

1.50(J 

—  ne. 

3 

21-7-21 

N'o. 

109 

27  fenialo    . . 

|i;<l 

(-)  (-) 

4 

21-7-21 

Xo. 

45 

13  male 

l,4U0 

(+) 

6 

21-7-21 

Xo. 

123 

20  male 

Itiu 

+ 

6 

22-7-21 

Xo. 

225 

Vvartl 

28  male 

2,IKJ0 

+ 

7 

22-7-21 

Xo. 

220 

Wan! 

18  male 

160 

f-t-)  nu  gel 

8 

22-7-21 

Xo. 

70 

8  female    . . 

1,000 

—  ivp. 

9 

2.3-7-21 

Xo. 

63 

17  male       .. 

SOO 

—  ive. 

10 

23-7-21 

Xo. 

12 

35  male 

2.0IXJ 

+  + 

Jl 

23-7-21 

Xo. 

211 

Ward 

11    malp 

2.200 

—  ivc. 

12 

2.V7-21 

Xo. 

223 

Warrl 

12  male 

1,8<W 

(  +  ) 

1.3 

2.V7-21 

\o. 

-,2 

25  male 

70<( 

+  + 

14 

2.3-7-21 

Xo. 

35 

20  male 

2,IHi<l 

—  ivc. 

1.^. 

2.V7-21 

Xo. 

99 

43  male 

IKKI 

(  +  ) 

16 

29-7-21 

.Vo. 

10 

VVanl 

12  female    .. 

■**> 

(+) 

17 

29-7-21 

Xo. 

96 

0  male 

8.5<l 

(  +  ) 

18 

4-8-21 

Xo. 

78 

::        :: 

21    nuile 

1,000 

(-   +  + 

19 

4-8-21 

-Vo. 

48 

1 1   male 

l.5<«i 

(  +  ) 

art 

4-«-21 

Xo. 

32 

7  female 

1,00(1 

—  irr. 

21 

4-8-21 

Xo. 

13 

5  nu»le 

800 

(  +  ) 

22 

4-H-21 

X... 

28 

9  female     . . 

l.20<» 

-  ivc. 

23 

4-8-21 

.\o. 

107 

Ward 

15  female     .. 

l.tXNI 

+  + 

24 

t-8-21 

.V... 

121 

32  male 

.'i<NI 

+ 

2.1 

4-8-21 

Xo. 

.59 

30  nmle 

2..'i<»ll 

(-) 

2C 

12-^21 

Xo. 

106 

40  male 

4<I0 

+   +   + 

27 

12-H-21 

Ezn 

2!K  male 

100 

+   + 

28 

lft-8-21 

Raiuo 

14  male 

1,000 

(  +  ) 

20 

Ifl-fl-21 

E.  B. 

::        :; 

12  male       .. 

2.000 

—  ive. 

J,     MR 
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Table  V. 

Cases  in    which   the   aldehyde  test,  was  done  prior  to  treatment  and  again 
after  treatment  was  considered  complete. 


Patient. 

Sex  and  age 

Aldeliyde 

test 
prior  to 
treatment. 

Nature  of  treatment 
adopted. 

Aldehyde 
test  after 
treatment. 

No.  227    Ward.     . . 

Male       1.5    .. 

+    +    + 

Intra -muscular 

S.A.T. 

(-) 

No.     10    Ward       .. 

Male        5   .. 

+    + 

do. 

do. 

(-) 

No.  lis 

Female  1 .5   .  . 

+    + 

Intravenous  Pot. 

A.  T. 

(-) 

No.     53    Ward      .. 

Male      41    .. 

+    +    + 

Intramuscular. 

S.A.T. 

(  +  ) 

No.  126 

Male         6   .. 

+    +    + 

do. 

do. 

—  ivp. 

Suggested   modifications. 

As  it  stands  the  test  can  be  performed  by  any  medical  practitioner 
who  is  capable  of  withdrawing  blood  from  a  patient's  veins.  The  veins  of 
small  children  are  sometimes  difficult  to  puncture  and  there  are  still  some 
practitioners  who  hesitate,  or  are  luiable,  to  perform  this  simple  operation 
even  on  an  adult.  One  is  therefore  anxious  to  find  some  method  which 
will  give  equally  accurate  results  without  the  necessity  of  venipuncture. 
This,  I  think,  will  be  difficult  to  find. 

If  blood  is  drawn  from  the  finger  into  a  Wright's  capsule  and  allowed 
to  clot  the  test  can  be  performed  with  the  drop  of  serum  thus  obtained  in 
a  number  of  ways. 

(a)  One  part  of  15  per  cent  formaldehyde  and  ten  jiarts  of  serum  can 
be  drawn  into  a  fine  Wright's  pipette,  mixed  and  sealed.  The  opacity 
can  easily  be  observed  by  holding  it  against  a  black  background  and  the 
consistency  can  be  noted  by  brealdng  the  pipette,  {h)  The  serum  and 
formaldehyde  can  be  more  accurately  measured  by  means  of  a 
hsemocytometer  pipette  and  mixed  on  a  slide  where  the  f>pacity  and  the 
consistency  can  easily  be  observed. 

(c)  A  drop  of  serum  can  be  placed  on  the  inside  wall  of  a  test  tub(!, 
held  at  an  angle  so  that  the  drop  does  not  run  down,  in  wliich  a  few 
grains  of  para-formaldehyde  have  been  placed  and  the  test  tube  heated 
gently.  Formaldehyde  is  liberated  which  will  solidify  a  '  positive  ' 
serum  in  the  same  way  that  the  solution  does.     K\\  these  modifications 
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tend  to  decrease  the  accuracy  of  the  t«st.  The  modification  that  I  have 
found  most  useful  is  the  following : 

Four  drops  are  taken  directly  from  tho  patient's  finger  into  a  small 
teat  tube  containing  05  c.c.  of  citrate  saline  (Sodium  chloride  0-85 
grammes,  sodium  0")  grammes  to  UM)  c.c.  of  water)  in  which  there  is  one 
drop  of  formalin.  If  this  is  left  overnight  the  red  blood  cells  will  settle 
and  the  supernatant  fluid  will  be  milky  in  the  Kala-azar  case,  clear  in  the 
other. 

But  even  with  this  modification  the  difference  between  a  '  -f+' 
result  and  a  '(+)'  result  is  not  sufficiently  distinct  to  make  the  method 
reallv  reliable. 


Notes  on  the  chemistry  oj  the  reitction. 

At  first  we  used  commercial  formalin,  the  formaldehyde  content  of 
which  was  30  f>er  cent,  but  latterly  Dr.  Sudhamoy  Ghosh  has  kindly 
prepared  a  solution  of  pure  formaldehyde  in  distilled  water  which  we  have 
found  gives  much  clearer  results.  A  10  per  cent  solution  was  used  and  a 
drop  was  added  to  1  c.c.  of  serum.  The  question  of  the  optimum 
proportions  is  one  that  will  have  to  be  investigated.  I  have  found  that 
one  part  of  formaldehyde,  by  weight,  to  200  parts  of  serum  gives  a  rapid 
and  complete  result.  If  the  amount  of  formaklehyde  be  increased 
an)'  extent  the  reaction  will  tend  to  be  less  marked  and  if  excess  of 
formaldehyde  be  added  the  reaction  does  not  occur. 

The  reaction  seems  to  be  essentially  an  aldehyde  one  as  the  next 
higher  aldehyde,  acet-aldehyde,  also  gives  the  reaction  but  less  com- 
pletely and  more  slowly.  Six  sera  were  tested  with  acet-aldehyde,  a 
40  per  cent  solution  in  distilled  water  being  used. 

The  results  were  as  follows  : — 


>iruiii. 

Kiiriiiiildcliyi 
{U8ual  higiitt  ua( 

d) 

Aid  aldehyde. 
(Reading!!  after  24  houn.) 

•. 

+   +    + 

.Solid  and  quiU'  opac|UP. 

b. 

+    +    + 

Solid  and  almiiHt  oi>a<|iie. 

c. 

+    + 

Sulid  and  (i|inlescrnt. 

d. 
1. 

(    -    ) 
(    -    ) 
—    ivc. 

Solid   but  clear. 
.Solid  but  clear. 
Fluid. 
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The  explanation  of  the  reaction  is  not  obvious  and  an  attempt  to 
seek  it  would,  I  fear,  carry  me  into  the  realms  of  physical  chemistry 
where  I  should  very  soon  be  completely  lost.  A  few  facts  ho-n-ever  have 
been  noted. 

The  portion  of  the  serum  which  is  actually  responsible  for  the 
formation  of  the  specific  opacity  seems  to  be  grouped  amongst  the 
eu-globulins.  After  33  per  cent  saturation  with  ammonium  sulphate  and 
subsequent  removal  of  the  ammonium  sulphate  by  dialysation  from  the 
filtrate,  the  latter  will  not  give  the  reaction,  whereas  the  precipitate 
dissolved  in  physiological  saline  and  also  freed  from  ammonium  sulphate 
does  give  it.  Again,  after  dialysation  of  the  serum  against  50  times  its 
volume  of  distilled  water,  and  consequent  precipitation  of  most  of  the 
globulins,  the  speed  of  the  reaction  is  very  markedly  increased,  in  fact  on 
a  drop  of  formalin  being  added  the  serum  coagulates  almost 
instantaneously,  but  if  dialysation  is  continued  in  running  distilled  water 
further  precipitation  of  the  globulins  occurs  and  the  remaining  serum 
fails  to  react  in  the  characteristic  manner  with  formaldehyde.  The 
precipitated  globulins  when  dissolved  in  saline  give  the  reaction. 

It  seems  possible  that  the  reaction  is  in  some  way  dependent  on 
the  hydrogen-ion  concentration  of  the  serum.  The  PH  is  much 
increased  in  tlie  serum  of  Kala-azar  patients.  Alteration  of  the  PH 
in  either  direction  will  prevent  the  aldehyde  reaction  occuring  in  a 
'  positive  '  serum  and  very  light  increase  in  the  PH  of  some  negative 
sera  will,  in  combination  with  the  addition  of  formaldehyde,  cause 
coagulation  to  occur.  Further  investigation  is  at  present  being  carried 
out  on  this  point. 

My  thanks  are  due  to  Captain  W.  C.  Spackman,  i.m.s.,  for  first 
drawing  my  attention  to  Gate  and  Papacostas'  paper  and  thereby 
considerably  stimulating  my  interest  in  the  subject. 

My  thanks  are  also  due  to  Major  R.  B.  Lloyd,  i.m.s.,  Imperial 
Serologist,  for  doing  the  Wasserman  reactions,  to  Dr.  Sudhamoy  Ghosh, 
Professor  of  Chemistry  at  the  Calcutta  School  of  Tropical  Medicine,  for 
preparmg  and  estimating  the  strength  of  pure  formaldehyde  solutions 
and  for  his  valuable  advise,  and  to  my  assistant  Dr.  P.  Murugesan. 


NOTE  OX  THE  FORiLaiX  TEST  AS  APPLIED  TO  THE 
DIAGNOSIS  OF  K.\LA-AZAR . 


BY 

.Major  I'.  >^.  Mills,  i.m.s. 

When  in  Calcutta  recently,  Dr.  Napier  demonstrated  to  me  the  use  of 
the  formalin  test  in  the  diagnosis  of  Kala-azar. 

It  is  the  practise  in  the  Chapra  Dispensary  to  e.\aminc  tiie  splenic 
blood  microscopically  of  cases  in  which  the  splenic  enlargement  is 
thought  to  be  due  ta  Kala-azar.  To  submit  a  patient  to  prolongf'd 
treatment  by  intravenous  injections  of  tartar  emetic  does  not  appear 
to  be  justifiable  unless  the  diagnosis  of  Kala-azar  is  certain,  and  up 
to  now  it  has  been  very  difficult  to  differentiate  between  the  splenic 
enlargements  caused  by  Kala-azar  and  malaria,  respectively. 

Eleven  cases  have  been  tested  by  both  the  formalin  test  and  the 
microscopic  examination  of  the  splenic  blood  fnr  Leishman- Donovan 
bodies. 

In  order  to  have  iiideiiendent  observations,  Captain  K.  P.  (ihosh  was 
kind  enough  tt>  carry  out  the  formalin  tests.  This  was  dune  by 
withdrawing  5  c  c.  of  blood  from  the  arm  of  the  patient,  and  allowing  the 
blood  to  clot  in  a  large  bore  test  tube.  One  c.e.  of  the  clear  serum  was 
poured  out  int<J  a  small  test  tube,  and  one  drop  of  formalin  added. 
In  a  positive  case,  a  white  precipitate  was  formed  in  a  few  seconds  in  the 
serum,  which  solidified  within  two  minutes. 

The  spleen  punctures  and  microscopic  examination  wore  done  by 
myself,  so  that  my  findings  were  always  independent  of  those  of  Captain 
Ghosh. 

In  5  ca.ses  we  found  that  both  the  formalin  test  and  the  finding  of 
L.-D.  botlies  were  positive.  In  0  ca.ses  both  the  formalin  aiul  the 
microscopical  tests  were  negative.  So  far,  therefore,  in  this  short  scries 
of  eleven  cases,  we  have  found  the  two  tests  to  correspond  absolutely. 
Among  the  6  cases  in  which  both  tests  were  negative,  we  found  in  one 
(     847     ) 
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that  the  serum  coagulated  at  the  end  of  30  minutes,  with  the  formation 
of  the  typical  white  precipitate. 

A  table  of  the  cases  is  appended. 


'  Remarks  by  Dr.  Napier. 

The  case  in  which  Major  Mills  describes  the  formation  of '  a  typical 
white  precipitate  '  after  a  delay  of  .30  minutes  is  in  all  probability  a  case 
similar  to  the  two  I  described  in  which  solidification  and  marked  clouding 
occurred  without  complete  opacity.  At  the  time  that  I  demonstrated 
this  test  to  Major  Mills  I  had  not  come  across  one  of  these  confusing 
results. 
Statement  showing  the  formalin  reaction  of  blood  sera  of  Kala-azar  patients  in 
Cluipra  Hospital  from  21-8-21  to  21-9-21. 


Formalin 

reaction 

Serial 
No. 

Name. 

Sex. 

Age. 

Religion. 

Chemical 
diagnosis. 

Spleen  punc- 
ture finding. 

(1  drop 
formalin 
to  c.r.     ' 
serum). 

Remarks. 

1 

Biswanath  . . 

Male 

12 

Hindu 

Enlarged 
spleen 

L.-D.  bodies 
found. 

Positive 

2 

Ram  Subbag 
Tiwary. 

'• 

30 

" 

" 

No  L.-D. 
bodies  found. 

Negative 

3 

Nasiban 

Female 

13 

Moham- 
medan. 

" 

Do. 

•• 

4 

LalBehari  .. 

Male 

35 

Hindu 

.. 

Do. 

.. 

5 

B  ha  g wa t 
Tiwary. 

" 

22 

'• 

" 

L.-D.  bodies 
found. 

Positive 

G 

Ram     Brich 
Tiwary. 

" 

30 

" 

No  L.-D. 
bodies  found 

Negative 

7 

Pitamber  Gir. 

" 

25 

" 

" 

Heavy  infec- 
tion of  L.- 
D.  bodies. 

Positive 

8 

Shamdai 

Female 

12 

" 

" 

No  L.-D. 
bodies  found 

Negative 

9 

Seopujan 
Ram. 

Male 

22 

" 

" 

Heavy  infec- 
tion of  L.-D. 
bodies. 

Positive 

10 

BholaSah   .. 

35 

No.  L.-D. 
bodies  found 

Negative 

The  senim  co- 
agulates after 
30       minutes 
with  the 
white     preci- 
pitate. 

11 

Majeed 

14 

Moham- 
medan. 

1 

L.-D.  bodies 
found. 

Positive 

All  the  Spleen  punctures  were  satisfactory  and  presented  no  difficulty. 
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GATE-PAPACOSTAS  REACTION  IN  LEPROSY. 

BV 

D.    A.  TURKHUD,  m.b.,  cm.  (Edin.), 

AND 

C.  R.  AVARI.  L.c.p..'5.   (Bomb.),  d.t.m.    (Lond.). 
{From  the  Bomliay  Baclcriologicil  Laboratory.) 

[Received  for  imblieation,  October  5,  1921.] 

Gate  and  Papacosta.s,  wliile  experimeutiug  with  pooled  sera  in 
connection  with  their  routine  Wassermann  work,  accidentally  discovered 
a  new  and  simple  method  for  the  diagnosis  of  .syphili.s.  They  found  that 
the  addition  of  two  drops  of  commercial  formalin  to  about  I'O  c.c.  of 
clear  syphilitic  serum  in  a  small  test  tube,  and  keeping  it  for  24:  to  30 
hours,  caused  the  mixture  to  become  more  or  less  solid  and  jelly-like  ; 
while  in  the  case  of  a  negative  reaction  the  mixture  remained  perfectly 
fluid.  The  test  has  been  fully  described  by  the  authors  in  Compt.  Kend. 
See.  Biologie.  Nov.  1920,  p.  1432.  In  their  experiments  the  results  of 
this  so-called  '  Formol-gel '  test  and  the  Wassermann  reaction  coincided 
in  85  per  cent  of  cases.  No  preliminary  inactivation  of  the  serum  was 
necessary,  nor  was  the  reaction  modified  by  incubation  of  the  mixture. 

Comparative  experiments  were  carried  out  in  the  Bombay  Bacterio- 
logical Laboratory  with  a  view  to  test  the  value  of  this  reaction.  The 
results  were  as  follows  : — 

In  our  first  series  of  experiments,  out  of  186  serums  of  various 
cases,  44  showed  a  markedly  positive  (  +  +  +)  Wassermann  reaction, 
but  only  30  out  of  these,  i.e.,  approximately  68  per  cent,  gave  a  positive 
Formol-gel  test. 

Out  of  15  serums  which  showed  -\-+  Wassermann  reaction,  none 
gave  a  positive  Formol-gel  test. 

(    850    ) 
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Out  of  124  serums  which  were  negative  to  tlie  Wassermann  test, 
eight  reacted  positively  to  the  Fonnol-gel  reaction.  Of  these  eight, 
one  was  a  case  of  cutaneous  Leisluuiininsis,  another  of  rectal  stricture, 
and  the  remaining  six  were  suffering  from  leprosy. 

Three  serums  proved  to  be  anticomplementary,  but  tlieygave  a 
negative  Formol-gel  reaction. 

We  were  interested  in  the  results  obtained  i.i  these  six  cases  of 
leprosy,  and  consequently  ilecided  upon  performing  this  test  on  an 
extensive  scale  among  lepers. 

A  second  series  of  experiment's  was  therefore  carried  out  among 
the  inmates  of  the  Acworth  Leper  Asylum  at  Matunga  in  Bombay,  and 
IIG  serums  were  examined.  The  cases  of  leprosy  were  not  specially 
selected  ;  uoilular  amcsthetic  and  mixed  cases  were  includi'd  indiscrimi- 
nately. 

The  result  of  our  experiment  showed  that  ecenj  one  of  these  aises  uj 
leprosy  gave  a  definitely  posilice  Fonnol-ijel  reaction.  t)ur  test  was  carric«l 
out  in  every  instance  with  inactivated  serum  only. 

From  these  observations  it  appears  to  us  that  the  Uat-i-i'apacostas 
reaction  is  likely  to  prove  a  valuable  serological  test  in  the  diagnosis  <j( 
leprosy. 

We  take  this  opportunity  of  thanking  Dr.  R<Jdrigues.  .Superintend- 
ent, Acworth  Leper  Asylum,  for  kindly  placing  the  cases  of  leprosy  at 
our  disposal  for  carrying  out  these  observations,  and  Major  E.  C.  Hodgson, 
D.S.o...  I.M.S.,  the  Director  of  this  Laboratory,  for  his  advice. 
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1  STATISTICAL  ENQUIRY. 

I'l  INTRODUCTION.— An  enquiry  into   the  degree  of  efficacy  of  a 

form  of  treatment  which  has  behind  it  the  authority  of  one  of  the  greatest 

names  of  science  and  which  has  been  practised  for  upwards  of  35  years 

would  seem  to  be  superfluous.     That  it  is  not  superfluous  it  is  our  purpose 

(    852     ) 
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to  show ;  and  altliough  wo  do  not  maintain  that  our  rosearchos  have 
carried  us  to  tiiuility  of  conclusion,  yet  wo  may  assuredly  claim  that  they 
render  essential  a  thorough  ro-oxamination  of  the  whojo  subject.  This  is 
evidently  also  the  feeling  of  a  considerable  section  of  Wf>rkors  on  the 
subject  of  rabies.  Babes  propo-^se*!  that  there  should  be  a  conference  to 
.-settle  the  subject  of  the  Ixist  mode  of  treatment,  a  .settlement  which  is 
rendered  es[)ecially  neces.sary  in  view  of  the  very  great  diversitv  at 
present  prevailing.  Tliis  proiX)sal  took  concrete  shape  in  the  suggestion, 
or  rather  the  arrangements,  made  for  a  congre.ss  to  deal  with  the  questions 
involved,  at  Paris  in  1915.  The  outbreak  of  war  prevented  the  holding 
of  that  congress,  as  it  also  prevented  the  publication  of  this  Memoir, 
which  was  written  originally  in  191  f.  Our  pap«!r  deals  with  our  own 
experience  in  anti-rabic  treatment  and  gives  the  results  of  our  statistical 
and  ex|»eriinental  enquiries.  It  is  intended  as  a  preliminary  contribution 
to  discussion  on  the  subject.  Our  own  experiments  prove  protection  in 
animals  that  have  been  immunized  before  infection.  What  wo  are 
examining  into  here  is.  not  the  efficacy  of  the  treatment,  but  the  degree  of 
efficacy. 

The  Kasauli  Pasteur  Institute  was  the  first  of  its  kind  in  India. 
.\t  the  commencement  of  its  history  some  300  persons,  European  and 
Indian,  were  treated.  That  was  the  case  in  the  year  1900-1901.  Up 
to  1920  there  have  been  treated  6f),990  persons  (Table  I).  The  experience 
gained  during  these  twenty  years,  in  the  treatment  of  rabies  infection,  is 
con-siderable.  The  modes  of  treatment  have  varied  considerably.  Frf>m 
the  year  HKX)  the  method  of  Pasteur,  in  which  patients  arc  inoculate<l 
with  dried  cords,  was  the  method  in  use.  The  only  variations  from  the 
orthodox  Pasteurian  procedure  during  this  jieriod  wore  the  utilization  of 
slightly  different  gradings  of  drie<i  conls  and  the  conjunction  in  certain 
bad  cases  of  a  .serum  treatment  with  the  vaccine  treatment.  At  the  end 
of  1907  the  dilution  metho<l  of  Hoeg\'es  was  introduced  by  Major  Lamb, 
I. M.S.  This  innovation  was  basetl  upon  the  work  (lono  by  Harvey  and 
McKendrick  on  anti-rabic  immunization  (Scientific  Memoirs,  Government 
of  India,  No.  30,  1907)  and  was  al.so  rendered  f)bligafory  by  the  difficulty 
of  obtaining  a  sufficiency  of  rabbits  for  the  Pasteurian  procodtire.  The 
thiol  change  was  made  in  1912  and  was  based  upon  the  researches  of 
Fermi  (of  Sassari)  and  of  Sir  David  Sempio  (Scientific  Memoirs,  Oovom- 
mont  of  India,  No.  44,  1911).  During  the  period  of  u.se  of  dried  conls 
there  were  cases  of  nerve  disturbance  which  occurrml  iii  patients  during  or 
after  treatment.     At  the  time  the.se    were  ver>'  puzzling  although  the 
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manifestation  has  now  become  well  known  to  those  administering  anti- 
rabic  treatment.  These  "  accidents  paralytiques,"  as  they  were  called 
by  the  writer  (  Remlinger  ),  who  first  drew  definite  attention  to  them,  are 
fortunately  rarely  fatal  and  the  paralyses  are  usually  completely  recovered 
from.  Remhnger  (Annal.  Pasteur,  1905,  p.  625)  described  40  cases  out 
of  107,712  persons  treated.  They  occur  in  very  few  instances, 
considering  the  enormous  numbers  of  persons  treated  all  over  the  world, 
and  have  been  ascribed  to  the  efiect  of  a  rabies  toxin  as  distinguished  from 
the  rabies  organism.  Other  factors  than  treatment  must  undoubtedly 
be  concerned  in  the  production  of  this  mifortunate,  though  happily 
rare,  accident.  These  have  been  set  down  as  indiosyncrasy,  alcohol, 
syphilis,  fatigue,  chill,  etc.,  all  representing  in  effect  a  lowered  vitality  of 
the  patient,  which  would  afi'ord  an  opportunity  for  the  action  of  a  toxin. 
Harvey  and  McKendrick  in  their  llemoir  (1907)  do  not  accept  the  ^^ew 
that  this  lesion  is  due  to  a  rabies  toxin,  but  regard  it  as  more  probably  due 
to  the  action,  direct  or  indirect,  of  the  large  amount  of  foreign  nerve 
protein  which  is  inocidated  along  with  the  rabies  virus  in  Pasteurian 
inoculation.  It  was  largely  this  view  that  led  to  the  adoption  of  the 
dilution  method  of  Hoegyes  in  the  2nd  period  of  the  history  of  the 
Kasauli  Institute.  With  this  method  very  minute  quantities  of  foreign 
nerve  material  are  injected  as  compared  with  the  ordinarj'  dried  cord 
method.  The  safety  of  the  method  seemed  assured  from  the  very 
extensive  experience  of  its  use  by  the  late  Professor  Hoegyes  at  the 
Buda  Pesth  Institute,  an  institute  which  at  the  time  when  the  change 
was  made  at  Kasauli  was  treating  upwards  of  4,000  persons  annually  and 
was,  in  regard  to  numbers  treated,  the  largest  institute  in  the  world. 
After  the  dilution  method  was  adopted  the  paralyses  which  we  have 
referred  to  in  comiection  with  the  dried  cord  method  of  treatment  ceased 
to    occur. 

The  change  to  the  use  of  a  dead  \arus  was  made  in  1912  as  a  result 
of  the  work  on  the  subject,  which  showed  that  equally  good  protection 
was  obtained  by  this  method  as  from  those  previously  in  use.  Much 
work  of  an  experimental  kind  still  remains  to  be  done  in  regard  to  the 
keeping  properties  of  the  carboUzed  vaccine,  its  dosage  and  so  on,  but  the 
important  fact  has  been  determined  that  it  is  as  protective  as  the  older 
li-\dng  \-irus  vaccines.  We  are  enabled  to  make  this  statement  not  only  on 
account  of  the  considerable  experimental  work  done  by  ourselves  on  the 
subject,  but  also  because  we  now  have  available  the  result  of  10  full  years' 
use  of  the  vaccine  in  routine  treatment, 
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Up  to  tho  yoar  1912  tlio  practice  at  Kasauli  and  olsowhoro  had  all 
boon  in  tho  diroction  of  magiiihing  tho  risk  of  iufoction.  Authoritative 
writers  all  give  prominence  to  that  risk.  Thus  Mosnil  (Bull.  Institut 
Pastour,  Volume  3,  1905,  p.  788),  ro\-iewing  Romlingor's  work,  WTitos  : — 

'  Those  rosiJts  show  the  danger  of  bito.s  which  would  bo  coiiMdored 
insignificant,  and  of  the  licks  of  suspected  aniiiial.'i  on  apparontlv  lioaltliy 
surfaces.' 

Wo  ourselves,  however,  began  to  con.sidur  nuuh  more  atteutivoly  tho 
question  of  degree  of  exposure  to  risk  and  probabilities  of  infection. 
This  necessitated  a  thorough  investigation  of  tho  current  ideas  on  the 
subject  of  the  mortality  rates  of  rabios,  such  points  as  incidence  of  tho 
disoaso  in  those  exposed  to  risk,  the  true  comparison  of  rates  amongst 
tho  treated  and  tho  untreated,  the  correction  factors  to  be  applied  to 
different  populations,  and  many  other  points  which  will  duly  omorgo 
from  the  cUscussioii  of  thosii  ratos  U]xiii  wliit  h  we  now  enter. 

1-2  MORTALITY  RATE  OF  RABIES. 

1'21  DEFINITION. — The  mortality  rate  of  an  ordinary  disease  is  a 
well-understood  inoasuro  of  its  severity.  Tho  number  of  deaths  amongst 
those  contracting  the  disease  can  be  computed  with  greater  or  loss 
exactness.  In  the  case  of  rabios  we  may  affirm,  with  but  little  danger 
of  contradiction,  that  in  this  sense  tho  mortality  rate  is  100  por  cent. 
Once  tho  disease  has  declared  itself  in  man  there  is  no  question  of 
what  will  be  the  issue  :  the  issue  is  death.  In  all  rejx)rts  of  anti-rabic 
institutioas  death  rates  of  the  treated  aro  given.  The.se  are  necessary  iji 
tho  first  place  as  evi(lonco  for  the  efficacy  of  inoculation  in  tho  treated  as 
compared  with  tho  untreated,  and  in  the  second  place  for  tho  purpose 
of  comparison  of  tho  results  obtained  with  tho.so  of  other  institutes.  It 
is  then  in  connection  with  the  appraisement  of  the  value  of  treatment 
that  the  mortality  rate  is  particularly  required.  But  we  are  at  once 
confronted  with  groat  difficidties  in  our  computations.  We  are  dealing 
with  a  disease  of  very  groat  extremes  of  incubation  as  is  evident  from 
an  inspection  of  Tables  VIII  and  IX.  Tho  ditferont  methods  of 
treatment  of  the  disoa.se  differ  greatly  from  each  other  as  regards 
duration  of  apj)lication.  .\gain  the  time  at  which  a  patient 
appears  for  treatment  is  vory  variable,  aa  regards  the  interval 
which  ha.s  elapsed  since  he  was  suppose*!  to  have  become  infected. 
Those  are  factJjrs  which  must  have  the  most  important  bearing  upon  the 
efficacy  of  tho  treatment  and  its  power  to  protect  from  death.  If  wo 
•imply  tako  an  ordinary  doath-rate  with  roforoace  to  a  population  as  it 
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presents  itself  for  treatment  at  the  Institute  we  may  find  that  we  come  to 
be  '  treating  '  a  patient  witliin  a  few  days  of  Jiis  developing  the  disease. 
Under  such  circumstances  it  can  hardly  be  said  that  there  has  been  any 
treatment  at  all.  But  where  shall  we  draw  the  line  between  what  is 
treatment  and  what  is  not  treatment  '.  That  is  the  difficulty.  Again  a 
patient  who  starts  his  treatment  one  or  two  months  after  his  exposure  to 
the  risk  of  infection  is  scarcely  to  be  claimed  as  a  '  cure  '  for  the  treatment, 
considering  that  by  the  time  he  comes  under  treatment  the  best  part 
of  any  risk  he  originally  ran  is  obviously  and  rapidly  becoming  negligible. 
When  we  take  all  these  and  other  circumstances  into  account  it  seems 
advisable  to  adopt  a  simple  death-rate  as  our  basis  of  comparison  of  the 
results  of  different  institutes  of  different  methods  of  treatment.  Such  a 
death-rate  would  be  given  by  number  of  persons  dying  in  spite  of 
treatment  out  of  all  those  who  have  actually  applied  for  treatment.  The 
adoption  of  this  rate  may  tell  hardly  on  the  results  of  treatment  in  certain 
instances,  but  if  we  assume,  or  are  aware,  that  very  much  the  same  habits 
prevail  as  regards  presentation  of  persons  for  treatment  in  different  parts 
of  the  world,  we  become  enabled  to  institute  comparisons  of  results  on  an 
equal  basis.  This  is  not  at  all  the  case  for  the  so-called  '  failure  rate,' 
which,  although  reasonable  enough  in  some  respects,  should,  and  yet  does 
not,  take  account  of  duration  of  treatment  and  other  cicumstances  which 
affect  it  markedly.     This  question  will  be  discussed  in  detail  presently. 

1-22  CORRECTION  OF  DEATH-RATES— It  is  usual  when 
comparing  death-rates  in  any  disease  to  make  projjer  corrections  of  the 
rates  for  purposes  of  comparison.  Such  corrections  have  reference,  for 
example,  to  age,  sex,  occupation,  and  so  on.  Where  we  are  dealing  with  a 
disease  such  as  rabies  and  making  comparison  of  the  results  of  treatment 
we  ought  to  demand  the  application  of  a  very  much  larger  number  of 
corrections  than  are  even  applied  in  the  case  of  ordinary  death-rates. 
We  should  require  corrections  for  race,  severity  of  woimding,  lateness  of 
arrival,  duration  of  treatment  and  others,  before  we  can  have  comparisons 
such  as  are  being  constantly  made.  Then  again  when  we  examine  into 
death-rates  in  the  treated  and  in  the  untreated  we  require  even  more 
evidence  than  is  needed  for  the  comparison  of  results  obtained  in  treat- 
ment only,  before  we  can  admit  that  the  rates  given  are  really  valid  for 
comparison.  It  is  certain  that  the  number  of  deaths  set  down  as  occur- 
ring amongst  the  mitreated  is  a  figure  of  very  doubtful  accuracy.  The 
great  tendency  in  the  case  of  statistics  of  the  untreated  is  to  weight  the 
data  with  deaths  and  undervalue  the  population  at  risk.     The   result  is 
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to  priniuco  a  proatly  oxaggoratod  doath-rato  amongst  the  untreated. 
What  is  badly  noe<lod  then  at  present  is  correction  of  death-rates,  in  the 
first  place,  for  the  treated  of  diilerent  institutions  and.  in  the  second 
place,  for  the  untreated  jKjpulations  when  compared  with  the  treated. 
For  such  corrections  to  be  made  it  is  essential  that  we  should  have 
standani  jiopulations  with  well-defined  characteristics  of  the  kind  which 
matter  in  a  disoa.se  like  rabies.  When  wo  have  such  a  '  Standard  jxipula- 
tion  '  then  we  can  make  the  necessary  reductions  bv  means  of  proper 
'  correction  factors.'  Such  a  standard  population  could  be  obtained  from 
the  data  which  should  be  given  by  Pasteur  Institutes.  Unfortunately 
the  data  are  conspicuous  by  their  absence  in  the  ordinary  reports.  We 
consider  that  the  data  given  since  the  year  1911  in  the  Kasauli  reports 
would  afford  material  for  the  construction  of  a  standard  jwpulation 
(treated).  The  data  required  are  such  as  severity  of  wounding  ( depth  of 
wound,  locality  of  wound,  interjwsition  of  clothes,  number  of  wounds,  etc.), 
lateness  of  arrival,  duration  of  treatment,  age,  status  of  patient  and  so  on. 
\Mion,  however,  it  comes  to  a  comparison  of  treated  with  untreated  the 
difficulties  in  the  wav  of  proper  correction  of  rates  sccin  almost  insur- 
mountablo. 

1-23  DIMINUTION  OF  MORTALITY  RATES  WITH  CONTINUED 
EXISTENCE  OF  INSTITUTES.  -Mortality  rates  often  tend  automati- 
cally 10  b<;comi;  lowur  and  lowor  with  the  continued  existence  of  a  Pasteur 
Institute.  This  is  partly  due  to  the  inclusion  of  larger  numbers  in  the 
totals  of  the  not-at-risk  in  successive  years.  At  Kasauli  the  error  is  not 
so  great  amongst  Indians  as  amongst  Europeans,  for  the  Indian  is  much 
less  disposed  than  is  the  European  to  pre.sent  himself  at  a  Pasteur 
Institute  for  treatment,  unless  there  is  rea.sonablo  probability  that  he 
haa  been  bitten  by  a  rabid  dog,  and  unless  he  suffers  from  something 
dofinit«  in  the  way  of  a  lesion.  As  regards  definitenoss  of  lesion  the 
statement  is  obvious  from  a  compari.son  of  degree  of  wounding  of 
EurojMians  and  Indians,  respectively,  attending  for  treatment,  as  given 
in  Table  III. 

1-24  ORIENTAL  POPULATION  MORE  EXPOSED  TO  RISK 
THAN  EUROPEAN.  li.'inliii;;.;r(lr:iws  ;itt.:iitioii  t-.tlic  lii;.'li.!r  iMcrlality 
rates  which  obtain  in  Con.stantinoplo  than  el.sewhere.  The  e.vplanation 
which  he  gives  of  the  fact  is  that  the  fwople  treated  there  are  more 
.sevorelv  bitten,  arrive  later,  and  are  more  frequently  bit  (en  (  n  bare  skin 
or  through  thin  clothing  than  tho.su  of  cohier countries.  The  ca^o  is 
exactly  the  same  for  the  Indian  and  ho  is  distinguished  in  tlie.se  rejKjrtw 
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from  tlio  European  in  India.  In  fact  an  Oriental  population  is  more 
truly  exposed  to  risk  than  a  European  one  and  is  therefore  a  better 
one  to  take  than  the  latter  for  statistical  purposes.  Our  own  Table  III 
confirms  Remlinger's  view  and  the  whole  statement  is  in  accordance 
with  our  ex])erieuce  in  India. 

1-25  EFFECT  OF  LATENESS  OF  ARRIVAL  ON  MORTALITY 
RATE  (TABLES  II  AND  VII).  -The  percentage  mortahties  by  weeks 
are,  for  the  first  four  weeks  (Table  VII)  :— 

Arrival   witliin    1st  week  2'9  per  cent. 
„      '2nd      „       1-3 
..       3rd       „       2-2 
„       -Ith       „       2-G 
These  are  irregular  percentages  and  the  irregularity  may  have  to 
do  with  the  proportionate  degree  of  risk  run  by  individuals  who  arrive 
in  certain  weeks,    or    to    an  insufficiency  of    totals  to  give  statistical 
smootliness. 

McKendrick,  Itidian  Journal  of  Medical  Research,  Volume  5,  1918, 
gives  the  following  analysis  of  very  extensive  data  showing  mortaUty  for 
localitv  of  wounds  and  lateness  of  arrival  : — 


Arrival  during 

Percentage  mortality 

amongst 

persons  bitten  on 

Arm 

Face 

1st  week 

0-94 

G-64 

2nd    „ 

1-47 

909 

3rd     „ 

1-94 

10-64 

4th     .. 

0 

14-29 

5th     ,. 

2-15 

12-50 

6th     „ 

0 

0 

The  patients  who  come  to  a  Pasteur  Institute  come  at  ver)'  various 
intervals  of  time  after  they  have  been  bitten  ;  some  arrive  so  late  that 
they  are  well  into  the  ordinary  incubation  period  of  rabies  before  thev 
even  begin  treatment.  It  is  not  to  be  wondered  at  therefore  that  some 
of  these  cases  die  during  their  course  of  treatment  or  very  shortly  after- 
wards. AVhat  sometimes  happens,  in  Indians  at  all  events,  is  that  persons 
bitten  do  not  make  a  move  in  the  direction  of  an  Institute  until  the 
occurrence  of  a  death  amongst  their  numbers.  Such  as  do  so  then  must 
obviously  be  in  a  very  different  ])o,sitiou  from  those  who  come  up  in  the 
ordinary  way  for  treatment  very  soon  after  being  bitten.  To  begin  with, 
if  they  are  really  infected,  they  are  well  through  their  incubation  period 
and  will  in  that  case  be  likely  to  develop  the  disease  during  or  very 
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shortly  after  troatiiumt.  15y  tlu!  toiivuiitioii  wliicli  {^ivtis  us  lim  sD-cullod 
■failure  rate'  the  oiisot  of  rabies  during  the  course  of  trualiuent,  or 
within  lifteeu  days  after  its  coiuplotioii,  entitles  us  to  exclude  such  to 
cases  from  the  "  failures  of  treatmout."  The  ease  is  in  fact  regarded  as 
if  it  had  uot  been  treated  at  all.  Ou  the  other  hand,  if  death  does  not 
occur,  the  patient  is  included  in  the  totals  of  the  cured  aiul  treated.  Such 
a  procedure,  even  if  to  some  e.\tent  justified  by  the  argument  as  to  what 
constitutes  a  failure,  does  uot  conduce  to  the  ci>mparal)ility  of  mortality 
rales. 

1-26  SEVERITY  OF  WOUNDING  AND  MORTALITY  RATES  — 
.■\s  a  character  which  may  bo  roganUxl  as  tlm  main  coutribul  ion  to  .severity 
of  woimding  we  may  take  number  of  woimds.  Tablii  VII  shows  the 
distribution  of  wounds  among  non-fatal  ca.sos  (Indians)  and  fatal  cases  at 
Kasauli  in  1911.  All  fatal  ca.ses  wliich  are  included  in  this  table  are  not 
differentiated  in  any  way  as  failures  or  uou-failures.  Tlus  is  done 
throughout  this  memoir  ujiless  otherwi.se  stated.  In  compiling  the  tables, 
only  those  ca.ses  were  include<l  where  the  infornuitioii  was  definite.  The 
few  cases  in  wliich  the  number  of  wounds  was  (loscribud  as  "  several.  ' 
■  multiple,  '  etc.,  have  been  e.xcluded. 

There  can  be  no  doubt  that  number  of  wounds  is  one  of  the  most 
certain  factors,  though  uot  the  only  one,  in  the  ])roduction  of  infection. 
It  is  however  very  ditlicult,  on  the  ba.sis  of  one  character  or  for  the 
matter  of  that  any  as.semblagu  of  characters,  to  be  certain  that  infection 
has  even  taken  place.  The  .saUva  of  a  rabid  dog  ne<:d  not  necessarily  bo 
infective,  need  not  necessarily  contain  the  virus  at  all.  This  is  a  |>oint 
of  view  the  |)ossibility  of  which,  as  far  as  we  know,  had  not  been  insisted 
upon  until  the  publication  of  the  work  of  Cniicksliank  and  Wright 
{The  Indian  Journal  of  Medical  Researcli,  Vol.  I.  No.  t.  1911,  p.  741) 
on  the  e.xjUirimtintal  trarLsmi.s,sion  of  rabies  througli  tlm  inoculatioM  of 
salivii. 

127  MORTALITY  RATES  AMONG  TREATED  AND  UN- 
TREATED. Wc  wi.sh.id  lo  obtain  dala  wliicii  .should  lie  inn.,  if  (>o.s.siblu, 
from  the  objection  of  non-comjiarability  ajid  of  lining  weighted  with 
deaths.  Those  we  eiuleavoured  U>  collect  by  following  up  the  cases  of 
pers<^)ii8  bitten  but  not  jintsenting  themselves  at  the  Institute  for  treat- 
ment. The  information  regarding  such  cases  was  obtained  from  our 
patients  in  the  tirst  instance.  Our  procedure  then  was  to  write  and  a«k 
the  offtcials.  HH|)ec-ially  the  Civil  Surgeon  of  the  district  lonceriuid.  for  the 
numljers  of  [>er.s*ms  who  had  been  bitten  at  the  same  time  and  by  the 
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same  animal  as  any  given  patient  who  had  come  for  treatment  but  who 
themselves  did  not  come  for  treatment.  These  enquiries  were  continued 
for  three  months  after  the  information  was  obtained,  which  is  the  same 
period  of  supervision  exercised  over  treated  patients.  We  were  thus 
able  to  collect  a  number  of  such  cases.  The  comparison  made  here  of  the 
untreated  was  with  such  persons  as  had  been  bitten  by  the  same  animal 
and  at  the  same  time.  Tliis  implies  that  more  than  one  person  must 
have  been  bitten  and  consequently  that  there  was  considerable  probability 
in  all  cases  that  the  biting  animal  was  rabid.  In  the  population  of  the 
untreated  (Table  XVII)  the  percentage  mortality  rate  was  I0"7,  a  lower 
figure  than  that  of  Hoegyes,  which  is  the  one  usually  quoted,  and  is  16 
per  cent.  In  the  calculation  of  our  percentage  we  have  included 
practically  all  deaths  which  occurred,  although  many  of  the  deaths 
may  have  been  due  to  causes  other  than  rabies.  Even  in  the 
case  of  these  data  we  consider  that  the  rate  is  undulj'  weighted  with 
deaths,  not  only  deaths  from  diseases  not  rabies,  but  also  with  deaths 
from  rabies.  This  is  due  to  the  undoubted  tendency  of  any  reporting 
agency  to  pay  special  attention  to  the  occurrence  of  deaths  and  their 
reporting  these,  and  to  failure  to  obtain  the  totals  at  risk.  There  are 
some  very  various  estimates  of  the  mortality  amongst  the  treated  and 
untreated.  Almost  all  pitch  the  rate  too  high.  We  may  consider 
some  of  these  estimates.  The  following  statement  is  made  by  Marx 
(art.  Lyssa'  Handbook  d.  path.  Mikr.  Kolle  and  Wassermann,  1st 
Ed.,  Vol.  4,  No.  2,  p.  1269) :  Hoegyes  supjjlies  the  following  data  from 
Hungary.  In  the  period  from  1890  to  1895  there  died,  out  of  985 
persons  bitten  who  had  not  imdergone  treatment,  14'94  per  cent.  Hoegyes 
from  these  figures  takes  the  average  number  of  deaths  to  be  15  to  16 
per  cent,  and  again  : — •'  Kirchner  in  Germany  has  perhaps  reckoned  the 
deaths  at  their  lowest.  In  the  period  from  1st  January,  1891,  to  Decem- 
ber 31st,  1901,  1,453  persons  were  bitten  by  rabid  or  suspected  rabid 
dogs.  Of  these  38,  2 '32  per  cent  died  of  rabies.  This  figure  differs 
completely  from  all  others.  As,  however,  until  a  short  time  before  the 
completion  of  this  period,  no  necessitj'  existed  to  report  deaths  from 
rabies  in  cases  of  persons  bitten  by  rabid  animals,  we  cannot  accept  the 
statistics  as  entirely  unobjectionable.  The  statistics  however  show 
that  on  the  whole  the  mortality  in  Prussia  is  lower  than  the  figures 
given  by  Hoegyes.  If  we  accept  a  mid-value,  then  we  may  say  that 
6  to  10  per  cent  probably  represents  the  true  mortality  amongst  the 
untreated.' 
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Babes  (Trait.-  do  la  Rago.  1912,  p.  002),  commmiting  on  statoiuonta  as 
to  mortality  in  the  untreateti.  niakus  t lie  pninouncenioat  :' The  groat 
majority  of  authors  give  10  to  '20  per  cent  as  the  projx)rti<)n  of  untreated 
persons  who  die  from  rabies  if  bitten  by  a  rabid  di)g.  Ronilingor  adopt* 
the  intermediate  tiguro  of  15  per  cent.  I  myself,  when  1  tliink  of  the  largo 
nuiulwr  of  persons  bitten,  wlio  are  not  kjiown  wliilst  cases  of  death  from 
rabies  are  well  known,  and  when  1  compare  the  statistics  of  bites  before 
and  after  the  institution  of  Pasteurian  treatment,  am  persua(.led  that 
even  the  tigure  U>  per  cent  is  exaggerated  and  that  it  is  nearer  5  per 
cent  of  persons  bitten  by  rabid  dogs  and  not  treated.'  In  another 
place  (Zeitsch.  llyg.,  Vol.  58,  1908.  p.  401)  Babes  states  :— '  The  majority 
of  authors  are  of  opinion  that  in  taking  50  per  cent  as  the  proportion  of 
the  bitten  who  are  bitten  by  really  rabid  dogs  we  are  not  overrating  the 
case.' 

Here  then  we  have  some  considerable  diversity  of  opinion  as  to  the 
real  mortality  amongst  the  untreateil.  h  will  be  worth  our  while  to 
examine  the  question  in  more  detail. 

We  shall  take  Hoegyes'  figures.  These  have  been  gouuraily  logardod 
as  a  reasonable  estimate,  although  it  will  bo  e\idont  from  some  of  the 
quotations  given  above  that  there  is  nowadays  a  tendency  to  believe  that 
they  form  an  overstatement  (cf.  Kirchner.  Marx,  Babes).  The  importance 
of  HoegA'os'  figures  consists  in  this  that  they  wero  specially  and  oflBcially 
collected.  Wo  know  of  no  other  statistics  quoted  in  the  literature  on 
rabies  which  are  quite  on  the  same  footing  as  regards  tho  purpose  for 
which  they  were  collected. 

The  following  is  our  summary  of  tho  statement  and  interpretation  of 
the  figures  given  by  Hoegyes  (NothnagolV  Handbook  '  Lystsa,  '  pp.  168- 
ltJ9) :  From  loth  April  to  Slst  Doiembor,  1895,  there  wero  officially 
r«ported  in  Hungary  over  5,899  cases  of  bite  from  i)ruHuniably  rabid 
animals  and  of  these  985  were  untreated.  Of  tho  1.914  treated  106 
diofl,  ma<le  up  of  (1)  59  dying  more  than  15  days  after  completion  of 
treatment,  '  failures,"  and  (2)  47  dying  during  treatment  or  within  16 
days  of  it«  completion.  This  figure  lOfJ  gives  a  mortality  rate  of  2-1  per 
cent  for  tho  troato<l,  but,  owing  to  tho  cmvontion  an  to  what  constitutes  a 
failure  of  treatment,  the  47  who  died  during  treat mont  or  within  16  days 
of  its  completion  are  excluded  by  Hoogyos  from  tho  computati.m  ;  we  are 
left  therefore  with  59  deaths  amongst  tho  treated  out  of  1,914  caseb,  or  a 
mortality  of  1-2  per  cent.  Further  Hoegyea,  not  content  with  oxcludmg 
by  means  of  a  convention  47  deaths  from  tho  claas  of  the  treated  actu»lly 
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seems  inclined  to  add  them  to  the  untreated  (985=938+47).  In  this 
way  he  obtains  a  mortality  amongst  the  '  untreated  '  of  14*9  per  cent 
(147  deaths  in  985).  The  subtraction  of  a  certain  number  of  the  deaths 
from  the  total  number  of  cases  dying  after  having  undergone  a  partial 
or  a  complete  course  of  treatment  is  a  method  of  computation  based 
entirely  on  the  conception  of  what  is  called  a  '  non-failure  '  of  treatment. 
This,  in  its  crude  form,  is  surely  a  very  unsound  method  of  calculation. 
Not  only  is  the  method  of  calculation  of  the  mortality  rate  unsound,  but 
we  are  not  supplied  with  even  the  most  elementary  consideration  of  the 
constitution  of  the  two  populations  compared.  We  have  no  data  as  to 
the  severity  of  wounding  of  the  untreated  popidation,  no  estimate  of  the 
number  at  risk  in  either  treated  or  untreated  popidations.  There  are 
other  objections  to  these  statistics  with  wliich  we  shall  deal  later.  Most 
important  of  all  is  the  objection  that  statistics  of  mortality  amongst  the 
untreated  are  largely  overweighted  \vith  deaths.  This  fact  together  with 
the  certaintv  that  the  totals  amongst  the  treated  contain  a  considerable 
number  of  the  not-at-risk  are  of  themselves  sufficient  to  causeconsiderable 
divergence  in  the  mortality  rates  of  the  two  populations.  Such  a  diver- 
gence is  due  to  fallacious  reasoning  as  to  comparability.  Kirclmer's 
figure  2"32  per  cent  is  based  upon  the  following  statement  (Kirchner 
Klin  Jakrb,  10-2-'02,  p.  178).  '  In  the  period  from  1st  January,  1891, 
to  31st  December,  1901,  1,453  per.sons  were  bitten  in  Prussia  by 
rabid  or  suspected  rabid  animals  :  of  these  38,  2'32  per  cent  died  of 
hydrophobia.  These  deaths  were  distributed  as  follows  in  the  single 
years  (see  Table  XI). 

Marx  (  Handbook  d.  Path.  Mila-.  Kolle  and  Wassermami,  1st  Ed., 
Vol.  4,  No.  2  )  seems  to  assume  that  the  figm-e  2"32  per  cent  represents  the 
mortality  of  the  untreated,  but  Kirchner  nowhere  says  that  they  were 
untreated.  In  fact,  although  previous  to  1898  the  probabilities  are  that 
very  few  of  those  recorded  as  bitten  were  treated,  nevertheless  in  the 
years  subsequent  to  1898  most  of  them  were  treated.  But  even  if  we 
take  the  percentage  mortality  for  the  years  1891  to  1897  only,  we  still 
find  it  to  be  very  much  lower  (oiJy  3"8  per  cent)  than  that  given  by 
Hoegves.  One  thing  which  strikes  us  forcibly  ui  Kirchner's  table  is  the 
marked  reduction  in  percentage  mortaUty  immediatelj'  after  the  estab- 
lishment of  the  Prussian  Pasteur  Institute  in  1898.  We  are  left  in  doubt, 
however,  m  so  far  as  this  table  goes,  whether  the  fall  in  percentage 
mortality  from  rabies  may  not  be  partly  due  to  the  introduction  of  many 
iadiyiduals   in    the    total    bitten  who,    before  the    establishment  of  au 
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Instifiito,  cmiKl  uovor  Itavo  reixirtwl  theuifi^ilvos  u.-.  liittun.  Tho  nuiiiburb 
reiKirtetl  l>itten  go  »|)  inmiediiitoly  with  thu  ostahlislinieiit  of  au  iuistituto, 
but  wo  are  connxsllotl  to  adniit  from  our  own  uxp'.rience  that  a  certain 
number  of  these  must  be  cla^tiecl  as  being  not-at-risk  iiidividiinls  who 
pre\'iously  did  not  report  themselves  at  all. 

Hut  Kin'hn«r  does  give  an  actual  ostiniatt:  of  the  dillurencti  in 
mortality  Iwtween  treatefl  and  uiifniatwl.  His  ra*<is  for  (-arh  class  are 
both  of  them  low  <l-l")  percent  for  the  treatod  and  .'t'-")  porctint  for  the 
untreated. 


Ireatcd. 

Dcatlui. 

H»t<-. 

L  nlritttcil. 

i>catl]s. 

1 

linU: 

lioi 

I 

O'lo% 

i»:i 

i:               3-.-.% 

We  are  not  told  an)'thing  about  the  series.  Kirchner's  previous 
table  shows  18  deaths  between  1897  and  1901.  Are  wc  then  (o  take  it 
that  all  the  17  deaths  which  occurred  in  these  years  were  untreated  and 
only  one  treated  ?  Or  has  Kirchner  done  what  Hoegj'es  did,  and  classed 
all  deaths  among  treatetl  persoas,  which  were  not  '  failures '  of  treat- 
ment, as  untreated  ? 

The  im]X)rtant  point,  however,  for  our  discussion  is  that  Kirchner's 
rate  for  the  untreated  :3-5  per  cent  is  an  unusully  low  (me.  Before  we 
coidrl  decide  which  of  these  two  rates  (1.5  per  cent  H<  ugyes  or  ;V5  j:er  cent 
Kirchner)  shoukl  be  accepted  as  the  true  one  for  the  untreated,  we  ought 
to  know  what  was  the  motle  of  collection  of  the  figures  and  what  was  tho 
constitution  of  the  population  on  which  the  percentages  are  based. 
Unfortimately  this  information  is  not  given.  Mar.x  gets  over  the  difficulty 
of  the  divergence  between  these  two  authorities  by  taking  a  middle 
value  aiul  reganling  the  mortaUty  among  tho  untrohted  as  being  about 
•3  to  10  per  c-ent. 

Doeljert  (Klin  Jahrb.,  Vol.  21,  No.  1,  l'.»o'.i,  j).  31)  makes  a  calculation 
of  the  |)robable  number  of  deaths  in  (j  years  which  would  have  occurred 
if  treatment  had  not  been  adopted.  Not  JO  deaths  (the  actual),  but 
275  deaths  would  have  occurred.  Here  again  we  have  what  must  bo  an 
overstatement  of  the  benefit  derived  from  uati-rabic  treat/nent.  Huch 
overstatemente  are  in  the  long  run  calculated  to  do  the  cause  of 
treatment  more  harm  than  good.  Doel.>ert  might  have  found,  on 
consultation  of  the  Pruiisian  statistics  (Table  XI),  that  tho  total  numljer 
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of  deaths,  for  a  period  of  not  less  than  30  j'ears  (1886  to  1897)  antecedent 
tx)  the  establishment  of  atiy  anti-rabic  institute  in  Prussia,  appears 
not  to  have  exceeded  220  in  all. 

Babes'  statement,  a  very  moderate  one  of  a  5  per  cent  mortality, 
seems  to  be  based  on  general  considerations,  especially  this  that  the 
ordinaril}'  given  statistics  pitch  the  death-rate  much  too  high.  He  says, 
for  example  (Traite  de  la  Rage,  1912,  p.  38) :  '  The  more  carefully  statistics 
are  collected,  the  smaller  does  the  death  rate  become  in  comparison  ^\^th 
the  number  of  persons  bitten  ;  that  is  to  say,  it  is  much  easier  to  recognise 
cases  of  hydrophobia  and  of  death  than  to  record  cases  of  bite.'  Again 
on  page  40  {loc.  cit.)  he  says:  "  The  death  rate  would  appear  to  fall  in 
proportion  as  the  numbers  bitten  increase  ;  such  statistics  would 
nowadays  be  regarded  with  grave  suspicion.  Very  often  the  bites  are 
inflicted  by  non-rabid  dogs.  Another  source  of  error  in  the  statistics  is 
the  very  variable  gravity  of  the  bite  infiict«d  :  it  is  evident,  therefore, 
that  we  do  not  possess  any  sufficiently  good  data  to  enable  us  to 
appreciate  what  is  the  relation  between  mortality  and  numbers  bitten." 
These  quotations  and  the  record  of  our  own  investigations  on  the 
subject  show  how  difficult  it  is  to  form  an  estimate  of  the  mortality 
rates  amongst  the  untreated  with  which  to  compare  those  amongst  the 
treated. 

128  CONSTITUTION  OF  POPULATION  AND  MORTALITY 
RATES. — It  \vill  be  evident  from  the  remarks  made  here  and  there  in 
what  has  preceded  that  the  constitution  of  the  population  concerned  will 
have  the  greatest  effect  on  the  mortahty  rat«s  for  that  population.  This 
subject  of  the  constitution  of  population  has  scarcely  received  the  atten- 
tion it  deserves.  We  may  consider  the  general  question  under  the 
particular  heads  of : — 

(1)  Mode  of  collection  of  statistics. 

(2)  Degree  of  exposure  to  risk. 

(1)  Mode  of  collection  of  statistics. — This  is  a  perfectly  straight- 
forward matter  as  regards  the  treated.  The  total  numbers  appearing 
at  an  institute  for  treatment  with  details  of  the  circumstances  of 
their  case  is  fully  known  and  is  the  total  treated.  The  case  for  the 
untreated  is  very  different :  it  must  be  very  difficult  indeed  to  get  any 
proper  totals  in  this  case  at  all.  If  the  collection  is  made  through 
public  dispensaries  or  through  medical  men,  it  is  obvious  that  only 
such  cases  as  have  woimds  of  sufficient  importance  to  require 
medical  aid  will  be  reported  at  all.     But  very  many  cases  of  much  less 
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dofcree  of  wouiuliusi  tlian  tliis  g>>  into  tho  totals  of  a  Pasteur  Instituto 
population.  If,  again,  tho  information  as  to  tho  untroatoil  population  is 
obtained  with  tho  assistauco  of  the  veterinary  service  of  tho  country,  tho 
total  will  still  sliow  (lelii'ioniy  of  nunibors,  in  tho  tirst  place  because  of  tho 
number  of  rabiil  animals  U,\"ing  unnoticocl,  and  iu  the  second  place  owing 
to  the  rofusal  of  some  ])ersous  to  admit,  liaving  beun  bittou  at  all,  much 
less  only  licked.  Part  of  tho  information  as  to  uumbersof  the  untreated 
population  may  be  obtained  throujih  patients  attending  at  u  Pasteur 
Institute,  but  such  Luformation  depends  on  the  h illiugness  and  accuracy 
of  such  patients  and  leaves  out  of  account  such  cases  as  do  not  supply 
out  of  their  immber  at  least  one  person  who  has  restjrted  to  Pasteiuian 
treatment.  No  such  limitations  cause  impoverishnieut  of  the  totals  of 
the  treated  populations.  But  wo  behove  that  there  is  another  reason 
altogittluir  wliich  is  responsible  for  tho  liigh  uiortaUty  rate  amongst 
the  untreated.  It  is  that  the  collection  of  statistics  of  the  untreated  is 
made  largely  on  the  basis  of  the  occurrence  of  deaths  from  hydrophobia. 
Registration  of  deaths  and  their  causes  has  been  in  force  in  most 
ciWlized  countries  now  for  a  considerable  time,  even  although  special 
compulsion  to  report  cases  of  death  from  rabies  in  particular  may 
not  have  existed.  Every  case  of  death  from  rabios  is  seized  upon 
a*!  bearing  upon  the  mortality  rate.  If  it  is  a  treated  case,  it  will  be 
already  known,  at  least  with  regard  to  number  of  bites  and  other  details  : 
if  it  is  an  untreated  case,  it  will  be  added  to  the  mortality  of  the 
untreated.  But  we  doubt  very  much  whether  special  steps  have 
been  taken  to  accurately  ascertain  the  total  numbers  bitten  on  tho 
same  occasion  as  an  untreated  death  and  themselves  untreated,  or  the 
numbers  bitten,  untreated,  and  not  supplying  a  death  at  all.  Tho  latter 
total  must  bo  almost  impossible  to  collect  satisfactorily.  If  the  method 
here  commented  upon,  of  collecting  statistics  of  tho  untreated  largely 
on  the  basis  of  the  occurrence  of  deaths  amongst  them,  is  tho  one  followed 
in  the  compilation  of  statistics  of  mortality  in  the  mitroated,  then  there 
has  undoubtedly  been  overweighting  of  that  p)pulatiou  (the  untreated) 
with  an  undue  proportion  of  deaths.  That  such  a  method  has  boon 
followed,  and  followed  without  the  iSast  idea  of  its  unsoundness,  is  evident 
from  Hoegyes'  procedure  of  passing  over  all  cases  of  death  which  wore  not 
'  failures  '  into  the  class  of  the  untreated.  Further,  if  the  collection  of 
statistics  of  the  untreated  has  been  ma<io  on  a  basis  of  occurrence  of  deaths, 
then  we  may  say  at  once  that  tho  jjo|iulation  concerned  is  largely,  or  indeed 
almost  wholly,  one  at  risk.     Such  is  not,  however,  the  case  for  the  treated 
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population  as  is  evadent  from  Babes'  statement  regarding  the  projiortion 
of  the  treated  who  are  bitten  by  probably  rabid  animals.  There  is  also  a 
very  large  inclusion  in  the  population  of  the  treated  of  those  who  are 
not-at-risk  or  under  diminished  risk  for  various  reeisons  not  connected 
with  the  rabidity  or  non-rabidity  of  the  animal  concerned,  cases  of 
slight  contact  with  saliva,  late  arrivals,  etc.  This  asjJect  of  the  case  is 
(.leak  with  in  the  next  paragraph. 

(2)  Degree  of  exjjosure  to  risk. — -We  may  preface  this  subject 
by  saying  that  the  degree  of  risk,  even  in  the  case  of  definite  bites 
by  a  certainly  rabid  dog,  is  not  as  great  as  is  often  imagined.  If 
this  were  not  so,  rabies  woukl  be  much  more  common  than  it  is. 
Even  old  authors  recognized  this  fact,  although  it  seems  to  have 
become  obscured  for  a  time  :  Forthergill  ("  Works  '  1783,  Vol.  2,  p.  241) 
says :  '  Notwithstanding  these  discouragements  there  is  one  thing 
which  ought  to  afford  the  sull'erers  some  consolation,  which  is  that  it 
appears  very  evident  that,  if  no  means  of  prevention  were  used,  man}' 
of  those  who  are  bit  by  niatl  animals  woidd  never  be  liable  to 
the  fatal  consequences  of  canine  madness."  The  majority  of 
authors,  according  to  Babes,  consider  that  about  50  per  cent  at 
least  of  persons  attending  a  Pasteur  institute  are  bitten  by 
non-rabid  dogs  (Zeitschf.  Hyg.,  Vol.  58,  1908,  p.  401).  Then  again 
persons  who  are  only  triNdally  bitten,  or  cases  of  merely  salivary  contact, 
will  not  report  themselves  and  will  not  seek  medical  aid,  and  will  not 
therefore,  if  untreated,  be  included  in  the  totals.  But  Pasteur  Institutes 
gather  all  and  suiidry  into  their  totals  and  in  course  of  time  attract  such 
persons  as  would  otherwise  pay  no  heed  to  their  condition  or  consider 
that  any  treatment  was  reqiusite  for  them.  We  have  among  Pasteur 
Institute  cases  persons  bitten  through  clothing,  with  skin  unbroken, 
persons  not  bitten  but  slightly  bruised,  persons  merely  licked  by  dogs, 
persons  who  have  administered  i)h3'sic  to  mad  dogs,  persons  who  have 
been  in  contact  with  mad  ilogs,  persons  who  have  picked  up  articles 
which  have  fallen  from  the  mouths  of  mad  dogs  or  handled  their  chains, 
attendants  on  h^xlrophobia  patients,  etc.,  a  long  list  which  might  be 
extended,  a  list  which  seems  to  become  all  the  longer  the  longer  the  insti- 
tute has  been  in  existence.  Thus  it  conies  about,  especially  where  the 
educational  influence  of  a  Pasteur  Institute  has  made  itself  thoroughly 
felt  throughout  the  laud,  that  a  very  large  proportion  of  the  treated  cases 
are  cases  which  are  excluded  from  an  untreated  population  and  which 
are  often  only  to  a  slight  ilegroe  exjiosed  to  risk. 
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If  resultji  of  I'astour  Institutes  are  t<>  he  coiiijmre<l  with  each  other, 
still  more  if  their  mortality  rates  are  to  be  compared  with  rates  amongst 
the  untreated,  then  the  constitution  of  the  several  iMipuhitions  as  regards 
degree  of  exiwsure  to  risk  should  be  very  closely  attended  to.  Tables  II 
to  VII  illustrate  what  we  mean  by  our  insistence  on  the  necessity  of  fitll 
details  as  rogartls  the  factors  which  determine  degree  of  risk.  These 
tables  give,  we  consider,  most  of  the  characters  required  on  which  to  form 
an  estimate  of  risk  and  also  to  enable  us  to  obtain  a  good  idea  of  the  ty|>(! 
of  case  which  is  being  treated  at  any  given  institute.  With  such  data 
'  corrections  '  can  be  applied  to  crude  death-rates  and  the  corrected  rates 
compared  with  each  other.  At  any  given  institute,  such  as  that  at 
Ka.sauli,  we  are  enable*!  by  means  of  such  tables  as  the.se  to  compare 
the  type  of  case  treated  from  one  year  to  another  and  to  note  whether 
changes  are  taking  place  in  the  constitution  of  the  [Xipulation  in 
attendance.  We  can  .see  at  a  glance  what  marked  differences  there  are  in 
severity  of  wounding  between  Kuropeansand  Indians  and  .so  in.sist  on  the 
iieces.sity  for  .reparation  of  these  two  sui)-]Ki]iulati<)ns.  We  can  determine 
how  many  |)ers<ins  in  the  total  sTibmitted  to  treatment  are  merely  licked 
(reconled  as  having  0  wounds),  how  many  bitten  on  bare  skin,  how  many 
cauterizetl,  how  many  suffering  from  multiple  wounds,  how  many  late  in 
arri\'ing  (i.e.,  far  ativanced  into  the  incubation  perioil  of  rabies)  and  so  on. 
All  those  facts  arc  of  the  utmost  importance  in  gauging  the  typo  of 
{x>pulation  coming  under  treatment  at  a  Fa-steur  Institute  and  so  of 
great  imixirtance  for  the  estimation  of  the  results  obtaineil.  Hut,  with 
thee.xception  in  .some  ca.ses  of  information  regarding  locality  of  wounds, 
ab.sence  of  clothing  and  cauterization,  no  information  is  forthcoming  on 
the.se  jx)ints  in  the  rejKjrts  of  I'asteur  Institutes.  A  very  much  fuller  and 
more  extended  set  of  tables  than  otirs  has  been  given  by  McKendrick 
(Quinquennium.  1912  to  1910)  ;  the.se  were  rondorerl  ])os.siblo  by  the 
accumulation  of  the  data  (/;»rf.  Joi/r/i.  Med.  Res.,  Vol.  5,  No.  2,  191 7, 
]i.  41.1)  which  wttiit  t<i  iii;iki;  ii)>  nur  (mMc-. 

1-29  INCUBATION  PERIOD  OF  RABIES  AND  THE 
MORTALITY  RATE.  (I)  Incubation  perioil  after  suUlural  inoculation 
I'f  Stri;i;t  \'iru>  in  iliu  rabbit. — .Much  of  tlie  exjierimentation  <ui  thi.s 
[joint  has,  if  we  mistake  luit.  been  don<!  with  rabies  brains  preserve<l 
iti  glycerine  for  a  longer  or  shorter  time.  It  has  been  a.s.sunied  that 
the  glycerine  has  not  produced  any  effect  on  the  virus,  at  all  eventn 
during  tho  ordinary  time  of  prosorvatiou.  Wo  do  not  think  this 
assumption     justified.     This     conception     of    au     avorago     iiilorvul 
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of  15  days'  incubation  is  taken  for  granted  by  practically  all  institutes  and 
is  reflected  in  their  statements  as  to  their  '  failure  rate.'  A  term  which 
has  of  late  years  been  constantly  used  in  the  literature  on  rabies  is  '  virus 
renforce  '  as  descriptive  of  certain  street  viruses  iu  which  the  incubation 
period  is  much  earlier  than  the  average  15  days.  But  as  there  exist  very 
considerable  variations  from  this  average,  and  there  is  no  reason  to  suppose 
that  the  variation  is  anything  but  continuous,  we  see  no  justification  for 
the  use  of  the  term.  The  frequency  distribution  taken  from  our  own 
ex])erience  shows  what  these  variations  nuiy  amount  to  for  rabies  brains, 
practically  all  of  which  were  sent  to  the  Institute  from  a  distance,  and  in 
glycerine,  see  Table  XVIII.  We  see  from  the  Kasauli  table  that  in  the 
majority  of  cases  the  incubation  jjeriod  is  11  days  and  not  15  days  and 
that  a  considerable  number  of  cases  show  periods  of  8,  9,  10  days  and  so 
on.  We  are  disposed  to  think  that  even  the  average  incubation  would 
be  less  than  15  days  for  brains  freshly  taken  from  dogs,  killed  on  account 
of  rabies,  and  that  the  great  prolongation  shown  in  the  table  and  chart 
may  be  simply  due  to  the  rabicidal  effect  of  glycerine,  combined  with,  in 
certain  instances,  the  efiect  of  high  temjjerature  during  transit. 

(2)  Incubation  Period  of  Babies  in  Man. — The  table  which  is 
most  frequently  quoted  is  that  of  Bauer  (Muench.  Med.  Woch.  Nos.  37, 
39,  1886).  He  found  a  mean  incubation  period  of  126  days  in  537 
cases.  When  10  doubtful  cases  are  extracted,  and  17  where  the 
period  of  incubation  has  been  more  than  Ig  years,  we  obtain  a  mean 
incubation  for  510  cases  of  72  days  and  a  distribution  as  follows  : — 


No.  of  days 

Percentage. 

1  to 

19 

8-24 

20  to 

39 

28-34 

40  to 

59 

21-18 

60  to 

79 

15-30 

80  to 

99 

9-22 

100  to 

149 

7-65 

150  to 

199 

5-69 

200  to 

249 

098 

250  to  330 

2-31) 

12  months  to  15 

months 

1  IS 
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In  Table  XX  incubation  pamnls  vary  consiiiorablv.  Hoogyo^' 
and  Xitscli's  liiita  (Tablo  IX)  sliow  that  the  truatod  |K)j)ulation 
has  a  souiowhat  shorter  incubation  |>urii«l  than  the  untreated  one, 
due  iu  all  probability  to  the  inclusion  of  greater  numbers  of  the  badly 
wounded  in  the  treated  pt)pulatiou.  Wo  may  take  Bauers  table 
a."  reasonably  correct.  We  see  that  some  37  per  cent  of  persoiLs 
d.N'iug  die  within  40  days  from  the  tlate  of  bite.  The  importance 
of  this  and  the  similar  facts  set  forth  iii  the  table  will  become 
apparent  when  we  treat  in  more  detail  of  the  meaning  ol  '  failure  of 
treatment.' 

1-3:  1-31  MORTALITY  RATES,  RABIES.  Having  .so  far  con- 
sidered the  etiect  of  various  factors  and  circumstances  on  the  mortality 
rates  of  rabies  wo  are  now  iu  a  |x>sition  to  consider  the  rates  themselves. 
There  are  two  rates  iu  use  at  Pasteur  iustitutes.  Sometimes  the  one  and 
sometimes  the  other  is  taken  to  describe  the  mortality  after  treatment 
and  it  is  not  always  stated  which  is  meant.  The  total  mortality  rate  is 
simply  the  percentage  of  porsoas  dying  in  spite  of  treatment  and  is  quite 
easily  understocKl.  The  failure  rate  or  the  percentage  of  persons  in  whom 
treatment  has  truly  failoct  to  estabhsh  protection  requires  for  its  under- 
standing a  knowledge  of  what  is  regarded  as  a  failure  of  treatment.  Only 
those  persons  are  accounted  '  failures  '  of  treatment  who  die  later  than 
15  days  after  the  completion  of  treatment.  By  this  definition  far  the 
greater  proix)rtiou  of  deaths,  amouutiug  to  as  many  as  80  per  cent  of 
the  total  deaths  (Table  XV),  may  be  excluded  from  the  faiiuros.  We 
must  examine  into  the  soundness  of  the  couceptiou  of  what  constitutes 
failure. 

The  idea  of  failure  is  based  on  the  fact  that  when  street  \irus  is 
inoculated  subdurally  into  a  rabbit  the  symptoms  in  thdt  animal  appear 
first,  on  an  average,  in  15  days.  It  is  laid  down  further  that,  if  the 
virus  once  reaches  the  central  nervous  system,  no  treatment  can  be 
of  any  avail  against  development  of  the  disea.se.  The  disease  will 
inevitably  appear  in  some  15  days  after  the  arrival  of  the  virus  there, 
therefore  it  is  argued  that,  if  the  virus  has  not  been  prevented  from 
reaching  the  brain  by  the  time  of  the  last  inoculation,  it  will  not  be 
and  could  not  have  been  prevented  from  producing  the  disease. 
The  argument  is  a  subtle  one  and  the  underlying  idea  is  ovidonlly 
that  the  full  efioct  r>f  the  co  ,  plete  treatment  Is  required  to  produce 
that  amount  of  immunity  wliich  will  bo  capable  of  coping  with  the 
infection  while  it  is  still  peripheral.     This  thou   is    the    idea    which 
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enters  into  the  couception  of  failure  (iusucces  reel).  Besides  being 
the  average  interval  to  the  manifestation  of  symptoms  of  rabies 
after  the  virus  has  reached  the  central  nervous  system,  this  period  of 
fifteen  days  is  also  regarded  as  being  necessary  to  the  de^'elo2Jment  of 
maximum  jjrotection  after  the  last  inoculation  has  been  given  (Babes' 
Traitc  de  la  Rage,  p.  589).  The  views  held  by  different  authors,  however, 
difi'er  considerably  on  this  point.  We  have  seen  also  how  the  average 
period  of  fifteen  days,  after  subdural  inoculation  of  street  \-irus  in  the 
rabbit,  is  merely  an  average.  It  is  even  doubtful  if  it  is  the  period  of 
maximum  frequency.  There  are  many  differences  from  the  average 
both  on  the  side  of  defect  and  of  excess.  Where  the  failure  rate  fails 
entirely,  in  our  opinion,  for  comparative  purposes  is  in  so  far  as  no 
account  is  taken  in  re^jorts  of  Pasteur  Institutes  of  the  current  jjractice' 
of  treatment  of  late  arrivals,  and  the  duration  of  treatment.  Both 
these  factors,  lateness  of  arrival  and  duration  of  treatment  have 
a  most  marked  effect  upon  what  the  '  failure  rate  '  is  going  to  be. 
For  this  reason  we  advocate  the  use  of  the  total  mortality  rate  for 
purposes  of  comparison.  Our  contention  is  that  Pasteur  Institute 
are  able  to  show  diminution  of  mortality  simply  amongst  those  who 
present  themselves  for  treatment  and  begin  it,  as  compared  with 
those  who  do  not,  without  any  definition  of  what  actually  constitutes 
treatment.  The  limitations  of  time  imjjosed  by  the  definition  of  failure 
are  from  some  points  of  view  objectionable  and  nught  be  discarded 
without  any  great  disadvantage  accruing.  Some  institutes  go  the  length 
of  publisliing  only  the  figures  for  failures,  as  the  only  proper  deaths 
from  their  point  of  view.  Now  there  are  two  periods  which  go  to  make 
up  the  interval  witfiin  which  a  Pasteur  Institute  death  is  not  considered 
a  failure.     They  are  : — 

(1)  Deaths  occurring  during  the  course  of  treatment. 

(2)  Deaths  occurring  within  15  days  after  the  completion  of 
treatment. 

A  long  interval  may  however  elapse  before  a  jiatient  even  arri\-es  at 
an  Institute  for  treatment  and  the  result  may  be,  naturally  enough, 
death  during  treatment.  It  is  obvious  then  that  we  might  go  the  length 
of  saying  that  the  later  a  patient  arrives  for  treatment  the  less  likely  he  is 
to  be  a  failure  of  the  treatment  should  hydrophobia  supervene.  If  he 
come  late  and  die,  he  will  probably  fall  into  one  of  the  non-failure 
periods.  If  he  does  not  die,  he  will  go  to  swell  the  total  of  cures 
on  which  the  failure  rate  is  calculated.     But  the  possibility  of  placing 
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a  ruther  too  favourahlo  iiitarprotatum  i>n  tlio  results  nrliiovixl  l>v 
treatment  does  not  eiui  liero.  Tlie  failure  rate  is  lowered  hy  iiureasinn 
the  duration  of  treatment.  This  may  vary  greatly  according  to  the 
Institute,  from  about  10  up  to  as  nnich  as  40  days.  Thus  it  is  not 
difficult  to  see  one  j^Jossiblo  explanation  of  why  an  institute  giving,  sav, 
a  28  to  ;)0-day  course  should  be  able  to  show  a  zero  failuro  rate,  whereas 
one  with  only  a  ll-day  course  is  unable  to  show  anylhiiii;  like  this 
succfiss. 

Finally,  we  add  to  the  interval  before  arrival  and  the  interval  of 
application  of  treatment  a  third  interval,  a  constant  period  of  I.")  davs 
to  make  up  the  full  )>eriod  within  which  a  case  of  lieatli  does  not  comit 
as  a  failure.  A  j)erson  who  arrive«l  at  an  Institute  seven  davs  after 
tteing  bitten  ami  received  an  18  days'  course  (atone  time  the  ordinarx- 
Kasaidi  course)  could  not  jxissibly  be  reganled  as  a  failure  until  the 
expiry  of  W  days  (7^18-1-15=  iO)  after  the  date  of  his  infection.  The 
moaning  of  the  remark  that,  as  shown  by  Bauer's  table,  37  per  cent 
of  the  \mtreated  die  in  any  case  within  4(»  days  of  the  <late  of  bite 
will  now  be  apparent.  Remlinger  publishes  a  very  valuable  table 
(Table  XV)  of  c!i.ses  treated  at  Constantinople  during  the  years  1901 
to  1908.  Out  of  6,808  jjersons  treate<l.  there  were  i)i>  deaths,  but  of 
the.te  only  19  were  failures  of  treatment  :  that  is  to  say,  he  is  able 
by  mean.s  of  this  convention  to  exclude  80  out  of  99  deaths  from  his 
computation  of  a  failure  rate.  Hoegyes  not  onl)-  considered  such 
cases  as  of  no  consequence,  but  made  them  over  to  the  class  of  the 
untreated.  It  will  be  obvious,  in  the  light  of  these  remarks,  why  we 
prefer  the  total  mortality  rate  as  a  means  of  gauging  the  efficacy  of  a 
given  mode  of  treatment  and  the  success  of  a  given  institute.  The 
total  mortality  rate  itself  of  course  should  have  appropriate  corrections 
applied  to  it  in  its  crude  form. 

Table  XII  gives  the  residts  obt^iined  at  various  Institutes  at  one 
time  or  another.  Some  of  the  |)ercentagos  here  given  undoubtedly  refer 
to  total  mortality  but  most  of  them  r<)|)resent  the  "  failure  rate.'  The 
variations,  with  few  exceptions,  are  not  great  even  as  they  stand  and  if 
the  correction  factors  for  constitution  of  |M>p\ilation  were  appliiul  to 
them,  the  variation  would  presumably  bocoriui  still  less.  In  concluding 
the  consideration  of  mortality  rates  from  the  jmint  of  view  of  treatment, 
or  no  treatment,  we  have  set  out  in  tabular  form  the  (auses  which  we 
cott-sider  accoimt  for  the  divergence  of  the  currently  accepte<l  mortality 
rates  from  the  true  rate. 
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Points    Explanatory  of  the    Divergence  of  Mortality  Rates    amongst  the 
Treated   and  Untreated,    other  than  Treatment    itself. 


Treated. 

Untreated. 

1.     Inclusion  in  the  totals  of  the  little  or 
non-exposed    to    risk  : — (non-rabid 
animal,  trivial  wound,  late  arrival, 
etc.) 

1.  Little  or  nou  exposed  to  risk  are  largely 
excluded,  because  not  reported. 

2.     Totals  complete. 

2.     Totals  incomplete. 

;{.     Totals  bitten  and  treated   for  a  given 
death  complete. 

3.  Total  numbers  bitten  and  untreated 
coiTesponding  to  given  deaths  in- 
complete ;  often  the  death  is  the 
only    untreated  case  reported. 

4.     Adoption  of   a    purely    conventional 
death  rate  (failure  rate),  instead  of 
rate  given  by  total  mortality. 

4.  Retention  of  rate  given  by  total 
mortality,  and  non-adoption  of  any 
convention. 

5.       P  jbtraction  of  deaths  not  ranking  as 
properly  treated,  i.e.,  non -failures. 

5.  Addition  of  deaths  not  ranking  au 
properly  treated  to  the  vntreated. 

The  conditions  here  enumerated  as  causing  this  divergence  of  rates 
are  not  all  mutually  exclusive.  The  table  is  given  chiefly  for  the  reason 
that  it  is  a  summary  of  the  argument  which  precedes  it.  So  far  we  have 
considered  mortality  rates  from  the  point  of  %aew  of  treatment.  It  is 
importaitt  however  to  look  into  prophylactic  measures  other  than  the 
treatmeiit  of  human  beings,  which  are  of  assistance  in  eradicating  thi 
(lisea.ie.  Now  rabies  is  a  disease  of  which  we  may  regard  the  dog  as  being 
the  transmitter  to  man.  There  are  a  few  other  animals  concerned  but 
they  are  of  very  little  imjjortance  as  compared  with  the  dog.  If  we 
desire  to  cut  ofE  the  source  of  infection,  our  efforts  to  do  .so  must  be  directed 
against  the  dog.  It  is  natural  then  that  we  should  find  that  some 
countries  have  jiaid  special  attention  to  this  point.  What  has  been  their 
success  ? 

1-4  LEGAL  ENACTMENTS  AND  RABIES  MORTALITY— One 
of  the  most  notable  examples  of  a  successful  \'ictory  over  the  disease 
brought  about  by  restrictive  measures  is  that  of  Great  Britain.  Other 
countries  wliich  have  no  rabies  are  Norway,  Sweden,  Denmark,  and 
Australia,     (jermany,  and  especially  Prussia,  has  little  or  no  rabies  and 
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the  rejiiilatioiis  with  ro^ard  to  control  of  ral>io>  in  dopn  have  houn  well 
enforcoil  in  Prussia.     Babes  (Traiti-  ilo  la  Rugu,  1912,  p.  3(1)  says  : — 

■  In  Germany  there  are  half  as  many  rabid  animals  as  in  Fnince. 
Tlie  relation  between  the  number  of  rabid  animals  and  that  of  infected 
[lersons  is  noticeably  very  small  in  (>ermany  ;  es]>ecially  in  the  centni 
it  is  to  l)e  noted  that  as  a  consequence  of  severe  police  measures  there  are 
only  very  few  cases  of  rabies  even  in  animals.' 

In  the  case  of  Great  Britain  the  relation  of  lefjal  enactments  t«i 
disapiHjarance  of  rabies  is  one  of  the  most  striking  instances  of  the 
conquest  of  di.sea.se  that  there  is.  Other  countries,  whilst  not  having 
quite  the  same  success  as  Great  Britain  have  had  their  legal  measures. 
The  year  1910  .saw  the  mortality  (failure)  rate  at  the  Paris  Pasteur 
Institute  retluced  for  the  first  time  tt>  zero,  i'revious  to  this  year  there 
had  commenced  specially  vigorous  measures  against  rabies  in  (logs  ami 
particularly  in  Paris  in  the  Department  of  the  Seine.  Now  with  the 
establishment  of  other  institutes  in  Franco  and  all  over  the  world  the 
Paris  institute  has  come  to  be,  in  the  matter  of  amount  of  anti-rabic 
treatment  done  there,  more  and  more  of  a  local  institute.  Local  mea- 
sures such  as  tiiose  referred  to  would  naturally  have  their  eflfect  u])on  the 
clientt-le  of  the  institute  anrl  this  is  pr<d)ably  the  rea.son  for  the  attainment 
of  the  zero  mortality.  The  following  note  taken  .from  the  Lancet  of 
19-11-10,  page  15f)4.  is  interesting  in  connection  with  the  attainment  of 
the  zero  mortality  at  the  Paris  Institute  in  1910.  We  ourselves  have 
atldel  the  mortality  rates  for  the  years  commenterl  on  to  tho  table  (XIV) 
given. 

Ijnncet  Sole  :-'  Report  of  the  Veterinary  Sanitary  .Service  <>f  Paris 
and  the  De[)artment  of  the  Seine.  1909.  In  Kngland  and  Sweden  rabies 
ha.s  been  stamped  out.  Dr.  H.  Martel,  (!hief  of  thr  Veterinary  Service  and 
author  of  the  re|K)rt,  con.siflers  that  the  most  useful  measure  is  to  destrov 
all  stray  dogs.  This  of  late  years  has  been  done  vigorfiusly  in  Paris  and 
the  surrounding  department  of  the  Seine,  but  not  so  in  the  other  dojiart- 
ments  or  countries  of  the  Seine.  These  figures  (table  XIV)  are  based  on 
the  notifications  made  by  Veterinary  officers  as  the  result  of  diagnosis  or 
post  mortem  examination.  As  for  the  human  cases  of  rabies,  they  are 
extremely  rare  in  the  department  f>f  the  Seine,  the  last  one  (diserved 
dating  back  to  the  year  19^>5.  Formerly  thoy  were  relatively  frequent. 
Dr.  Martel  insists  that  the  great  im]>rovement  brought  about  is  due  t<> 
care  taken  when  a  ca.se  of  rabies  occurs  to  destroy  or  in  any  case  to 
closely  obsdrve  all  th«  other  dogs  it  may   have  infected.     As  however 
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this  can  rarely  be  done  in  a  conijilete  manner,  obviously  the  most 
effective  measure  is  the  capture  of  all  stray  clogs.' 

The  way  in  which  not  only  deaths  from  rabies  in  man  but  also  the 
numbers  requiring  treatment  on  account  of  rabid  dog  bite  follow  the 
curve  of  rabies  in  dogs  is  very  strikingly  shown  in  Chart  I  for  Great 
Britain.  The  final  disappearance  of  rabies  in  animals  and  the  attainment 
of  a  zero  incidence  in  man  is  reached  for  Great  Britain  subsequent  to  the 
stricter  enforcement  of  the  control  of  dogs  in  1897. 

We  also  give  a  chart  for  Germany  (Chart  II).  This  show.s  a  very 
striking  resemblance  to  the  chart  for  Great  Britain.  Whereas  the 
British  chart  is  of  numbers  of  actually  rabid  dogs,  that  for  Germany 
is  of  numbers  of  dogs  killed  either  on  suspicion  of  rabies  or  as  ownerless. 
If  we  take  into  account  the  tlitference  between  the  facts  which  they  show, 
the  similarity  of  form  and  the  correspondence  in  time  of  the  two  charts  is 
rather  remarkable.  It  probably  indicates  correspondence  of  activity  in 
the  campaign  against  dogs  in  both  coimtries.  Can  we  show  anything 
similar  in  Germany  as  regards  association  between  legal  enactments  and 
diminution  in  rabies,  as  we  have  found  for  Great  Britain  '(  The  first 
important  law  on  the  subject  in  Germany  (Das  Reichsgesetz  betr.  die 
Abuwhr  und  Unterdruckung  von  Viehseuchen)  was  promulgated  23rd 
June  1880,  and  followed  by  "  Instructions  '  in  February,  1881.  A 
reference  to  table  II  which  of  course  is  only  for  Prussia  shews  that  already 
by  1882  a  distinct  diminution  in  the  human  mortality  for  rabies  had 
occurred  and  this  continues  thereafter.  Another  law  came  into  force 
on  27th  June,  1895,  but  we  can  discern  no  further  diminution  of  mortality 
which  can  possibly  be  attributed  to  this  law.  Germany  is  not  like  Great 
Britain,  an  island  which  is  easy  to  cordon.  Countries  in  which  legal 
restrictions  on  the  keeping  of  dogs  are  in  no  way  so  severe  surround 
Germany  and  rabid  dogs  pass  into  German  territory  over  the  frontiers. 
The  geographical  distribution  of  rabies  in  Germany  bears  out  the  supposi- 
tion that  cases  which  continued  to  show  themselves  in  that  country  were 
a  residue  largely  due  to  importation  of  rabies,  which  legislation  caniiot 
affect.  This  may  possibly  explain  what  seems  to  have  been  tlie  success 
of  the  law  of  1880-1881  and  the  want  of  further  success  of  the  law  of  1895* 
We  have  however  sufficiently  demonstrated  that  legal  enactments  takeji 
along  with  anti-rabic  treatment  ha\'e  a  powerful  effect  in  causing  the 
diminution  of  the  incidence  of  rabies  ujiou  the  human  beings  of  a  coimtry. 

1'5  CONCLUSIONS.— This  concludes  the  statistical  portion  of  our 
memoir  and  we  may,  before  going  on  to  the  experimental  portion  of 


Chart  U 
Rabies  in  Great  Britain. 


I»87  igSS  1819  isao  I8»i  '892  1693  'BS*  '89S  1896  H9T  1898  |S»9  1900  1901  1902  1903  ISO* 


Cases    rabits    In    009a  . — • 

»J*  of  Cngtifthmsnu-eiltadlnPartA «.     » 

Cases    rabies    in    man  ••••.• 


Harvey  W.  F.    and  Aiioy  H.  W.— Ad  Examination  into  the  Degree  of  Efiicacy  of  Aotirabic  Treatment. 


Chart  II. 

The  dofjs  killed  as  suspected  of  rabies  {police  orders  and  ownerless)  in  the  (lernnin  Empire.      Laws  of2Zrd  June  1880, 

Isl  May  1894  '/n/  §  16  sec/ton  of  •  Instruittons  "  of  the  12/24/A  FeUruarij  1881  and  27th  June  1895 

Schueder   ■  Dir  Tolwul  tC-c."  1903  pp.  16   17. 


Harvey  W.  F.  and  Acton  H.  W.— An  Examination  into  the  Deifree  of  Kffiracy  of  Antirabic  Treatment. 


]]'.  F.   Ilan-cii  nmJ   If.   W .   .Irton. 


875 


it  draw  our  iaforoncos  from  what  lins  boon  discussHd.     0\\v  (inclusions 
are  briofly  that  :  - 

(1)  The  crude  death  rates  from  rabies  whether  amongst  treated  or 

untreated    should    he    corrected    in   accordance    with  the 
constitution  of  the   jwpulation  concerned. 

(2)  Wo  should  have  substitution,  or  at  lea.^t  inclusion  of  the  total 

mortality  rate  in  reiwrts,    which  at   present  simply  give 
'  failure  '  rates. 

(3)  The  current   ideas  of  the   mortality  occurring  amongst   the 

untreated  are  in  noetl  of  revision. 


T.ABLE   I. 
Death  rates  among  ])ersons  treated  at  Kasauli,  1900—1920. 
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Table  V. 


Nature  and  locality  of  wounds.    1911.     I  rid  iann  and  Europeans.     Fatal   and 
non-fatal  cases. 
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Showituf  the  incttbation period  of  rabies  in  .Man  (Buiicr). 
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Xuinbcr  of  <laj8. 

IVrotiilfti;". 

1   to   19 

8-24 

20  to  39 

28-34 

40  to  39 

2118 

60  to  79 

lo-30 

80  to  99 

9-22 

100  to  U9 

705 

150  to  190 

r>-09 

200  to  219 

0-98 

•J-jO  to  3S9 

2-35 

:tt>a  ti.    11(1 

1-IS 

Table  IX. 
Showing  incubation  periods  in  tr&Ued  ami  untreated  canes. 


No.  ui  davG  incubation. 


1 

to  30 

31 

to  W 

61 

to  PO 

91 

to  120 

121 

to  l.Vt 

131 

to  180 

181 

to  210 

211 

to  240 

241 

to  270 

271 

to  300 

301 

to  330 

331 

to  3'Kt 

361 

to  3iN) 

391 

to  420 

.167 

■IMO 

646 

790 

819 

18.M 

Hungary' 
UcBgyes. 


Hungitry 
HoejycM. 

Various 
sourccn 
Nit«cli. 

21 

14 

:«i 

3S 

2:t 

17 

«« 

13 

1 

1 

1 

0 

0 

II 

II 

II 
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Table  X. 

Rabies  among  British  troops  in  India,  Indian  troops  and  Indian  2)risoners, 

from  1871  to  1918. 


BRITISH 

ARMY 

INDIAN  ARMY 

INDIAN   i^KlS- 
ONERS. 

ME^ 

. 

Women. 

Children. 

Men. 

Men. 

Year. 

Totals. 

Average 

Average 

Average 

Average 

Average 

anuual 

Cases. 

annual 

Cases 

annual 

Cases 

annual 

Cases 

annual 

Cases 

strength. 

5 

strength. 

0 

strength 

strength. 

strength. 

1871 

56,784 

6,384 

10,700 

3 

8 

1872 

58,694 

2 

6,650 

0 

11,057 

0 

2 

1873 

58,816 

1 

6,626 

0 

11,860 

2 

3 

1874 

59,253 

2 

6,627 

0 

12,393 

1 

3 

1875 

59,368 

2 

6,335 

0 

12,359 

1 

3 

1876 

58,506 

2 

6,050 

0 

11,882 

0 

2 

1877 

58,032 

3 

5,644 

0 

11,266 

0 

113,966 

6 

110,147 

i 

5 

1878 

56,664 

1 

5,170 

0 

10,423 

0 

117,273 

G 

127,914 

5 

12 

1879 

57,810 

0 

4,640 

0 

8,993 

0 

121,107 

3 

117,680 

1 

4 

1880 

60,034 

4 

4,134 

0 

7,596 

0 

126,385 

2 

106,778 

1 

6 

1881 

58.414 

1 

3,741 

0 

6,548 

1 

114,612 

1 

100,856 

2 

5 

1882 

57,198 

1 

3,539 

0 

6,208 

1 

114,894 

2 

94,059 

0 

4 

1883 

55,454 

4 

3,290 

(1 

0,015 

0 

114,830 

5 

88,178 

0 

9 

1884 

55,349 

4 

3,371 

0 

6,453 

0 

114,827 

5 

85,500 

2 

11 

1885 

57,116 

3 

3,419 

0 

6,632 

1 

115,486 

2 

82,644 

0 

6 

1886 

61,750 

3 

3,391 

0 

6,552 

1 

106,010 

6 

84,909 

1 

11 

1SS7 

63,924 

3 

3,242 

0 

6,333 

0 

105,254 

3 

79,471 

1 

7 

1888 

68,594 

0 

3,228 

0 

6,168 

3 

124,822 

3 

91,445 

3 

9 

1889 

60,017 

1 

3,166 

0 

6,041 

0 

128,642 

1 

90,121 

1 

3 

1890 

67,809 

2 

3,130 

0 

5,912 

0 

127,746 

1 

96,610 

3 

6 

1891 

66,956 

3 

3,137 

0 

5,886 

0 

128,600 

3 

101,019 

1 

7 

1892 

68,162 

1 

3,101 

0 

5.762 

1 

127,355 

0 

103,159 

6 

8 

1 893 

70,063 

3 

3,135 

0 

5,662 

0 

127,091 

2 

101,737 

1 

6 

1894 

71,094 

5 

3,157 

0 

5,680 

0 

127,844 

3 

101,965 

1 

9 

1895 

71,031 

3 

3,194 

0 

5,699 

0 

129,211 

I 

106,337 

1 

5 

1896 

70,4S4 

3 

3,254 

0 

5.790 

1 

128,187 

0 

110,090 

1 

5 

1897 

64,.531 

2 

3,203 

0 

5,744 

1 

118,486 

0 

118,107 

1 

4 

1898 

65,.397 

2 

3,118 

0 

5,592 

0 

121,318 

3 

111,344 

1 

6 

1899 

67,697 

I 

3,093 

0 

5,500 

0 

127,019 

2 

110,016 

0 

3 

1900 

60,553 

3 

2,908 

0 

5,376 

0 

123,463 

0 

121,811 

4 

7 

1901 

60,838 

2 

2,729 

0 

5.069 

0 

122.806 

7 

117,203 

0 

9 

1902 

60,540 

2 

2,555 

(1 

4.709 

0 

124,231 

0 

114,334 

3 

5 

1903 

69,612 

I 

2,891 

(1 

4,677 

1 

124,660 

4 

101,717 

0 

6 

1904 

70,613 

2 

3,226 

(1 

4,964 

0 

124,055 

1 

104,325 

1 

4 

!  905 

70,994 

2 

3,375 

0 

.5.1.'-^4 

0 

12,3,434 

6 

106,265 

0 

8 

1906 

70,193 

2 

.3,431 

0 

.5,322 

1 

127,853 

1 

110,082 

0 

4 

1907 

69,332 

0 

3,496 

(» 

5,379 

0 

126,392 

1 

107,675 

1 

2 

1908 

68,522 

2 

3,696 

0 

5.819 

0 

126,975 

2 

115,403 

0 

4 

1909 

71,556 

2 

3,913 

0 

6,201 

0 

131,627 

2 

112,249 

4 

8 

1910 

72,491 

2 

!,137 

0 

6,678 

0 

130,937 

1 

110,455 

1 

4 

1911 

72,371 

1 

4,248 

0 

7,056 

0 

130,441 

0 

109,099 

1 

2 

1912 

71,001 

0 

t,147 

0 

7,046 

1 

131,644 

0 

103,900 

0 

1 

1913 

70,755 

2 

t,123 

0 

7,006 

0 

131,512 

0 

108,286 

1 

3 

1914 

60,581 

1 

3,772 

0 

6,465 

0 

124,894 

2 

114,113 

0 

3 

1915 

44,891 

1 

1,570 

0 

2,925 

0 

118,823 

7 

123,169 

2 

10 

1916           „ 

60,737 

2 

1,.554 

0 

2,830 

0 

139,076 

0 

126,642 

4 

6 

1917           « 

80,825 

1 

1,463 

0 

2,629 

0 

191,242 

4 

118,121 

0 

5 

1918 

87,982 

0 

1,481 

0 

2,624 

0 

341,458 

' 

120,215 

2 

5 

ir.  F.  Ilarveij  aiul  //.  IT.  Acton. 
Table  XI. 
Statistics  of  annual  tnortality  in  Prussia  for  n  series  <f  j/ears. 
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Authuiilv.  Vtar. 


1.  Sohaeder 
'  Die  Tollwut 
in  UeuUch- 
land  und  ihrc 
Be-K  tc  m  p- 
fung* 
p.  3. 


2.     Kirrbner 
Klin.  Jahrb. 
10- 2- 1902. 
p.  177. 


3.     Doebert 
Klin.  Jahrb. 
21-I-19f»9, 
p.  1. 


1866-67 

1867-68 

18«8-<>9 

1869-70 

1870-71 

1871-72 

1872-73 

1873-74 

1 874-75 

1875-76 

1876-77 

1877 

1878 

1879 

1880 

1881 

1882 

1883 

1884 

1885 

1886 

1887 

1888 

1889 

1890 


1891 
1892 
1 893 
1894 
1895 
1896 
1897 
1898 
1899 
1900 
1901 


1902 
1903 
1!M>4 
1905 
1906 
1907 


NuinlxT 
Bitten. 


66 
128 
161 
263 
.303 
2.33 
187 


2M 
.307 
30.'; 
368 
373 
4<I5 


Ueatlu 


I'orccntago. 


0-24 
0-20 
0-22 
0-33 
0  II 
0  10 


The  figures  for  Pnixsia  arc 
extracted  from  figures 
for  all  Germany,  when 
not  directly  given. 
Pasteur  Institute,  Paris 
founded  1888. 


Kirst  case  treated  in  Herlin 
1898.  Berlin  InHtitutc. 
founded   187-98. 
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Table  XII. 

Showing  the  results  obtained  at  different  Institutes  at  one  time  or  another. 

From  : — Babes  '  Traiti^  de  la  Raye,  1912,  p.  591. 


Institute. 

Years. 

No.  of 

cases 

treated. 

Deaths. 
9 

Percentage. 

Tunis 

( )rentd  1 900 

2,490 

0-30 

Paris 

188(>-1905 

29,937 

129 

0-41 

Bnda  Pesth 

1890-1905 

32,508 

126 

0-46 

Algiers     . . 

1886-1895 

4,194 

59 

1-20 

Do.       .. 

1894-1905 

5,395 

19 

035 

Marseilles 

1893-1903 

3,503 

13 

0-36 

Lyons 

1900-1900 

5,374 

0 

Oil 

Do.       .. 

1898-1902 

1.415 

6 

0-92 

Berlin 

1906-1907 

312 

3 

0-99 

Vienna     . . 

1892-1903 

1,937 

13 

0-68 

Kharkoflf 

1892-1001 

9,740 

50 

0-59 

Lille 

1895-1902 

1,807 

4 

0-22 

Pernambuco 

1889-1903 

480 

1 

0-20 

SoRa 

1902-1904 

1,081 

6 

0-55 

Rome 

1889-1902 

1,940 

7 

0-37 

Naples     . .                 . . 

1 880-1 900 

8,440 

45 

0-.53 

Faonra     . . 

1898-1902 

779 

1 

0-12 

Milan 

1889-19113 

2,942 

24 

0-83 

Florence  • 

1889-1901 

1,2.54 

2 

0-15 

Jassy 

1891-1905 

3,038 

5 

016 

Cairo 

1S89-1H01 

375 

1 

0-26 

New  Yorl: 

1890-1901 

1.008 

10 

0-62 

Bucharest 

1888-1905 

9,250 

11 

013 

Lisbon      . . 

1893-1905 

8.844 

44 

0-50 

Coustautinople 

1900-1905 

4.100 

15 

0-50 

St.  Petersburg 

1901 

592 

1 

016 

Kerson     . . 

1901-1902 

000 

5 

0-83 

Warsaw   . . 

1900 

923 

9 

0-97 

Do.       .. 

1892 

324 

11 

3-39 

Kasauli 

190.5-1900 

1.149 

7 

0-61 

Sassari     . . 

1900-1908 

1 ,053 

2 

019 

Turin 

1S8G-1S95 

2,254 

22 

0-86 

Palermo 

1887-1895 

2,221 

9 

0-40 

Moscow 

1892 

107 

9 

8-40 

Odessa     . . 

1892 

324 

11 

3-39 

Samara 

1892 

53 

3 

7-67 

Saigon      . . 

1886-1895 

110 

2 

1-82 

11'.  F.  Ildirei/  and  If.   11'.  Adon. 
Tabu:  XIII. 
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.'Showing  statistics  and  death  rates  for  the  Paris  Institute,  from  1886  <o  1919 
From  Babes  •  Trailt'de  la  Ratje  ',  p.  .")91,  suppicinetiled from  the  Annates 
de  V  Itiititut  Pasteur. 


V,...r 

fprsoii?  troatp<]. 

DcRtllS. 

M,.ilal,iy%. 

1886 

2,671 

2.'-. 

0-94 

J887 

1,770 

14 

0  79 

1888 

1.062 

9 

0-55 

1889 

1,830 

7 

0-38 

1890 

1.540 

.-, 

0-32 

1891 

1,5.59 

4 

0-2o 

1892 

1.790 

4 

0-22 

1893 

1,648 

i; 

0-36 

1894 

1.387 

7 

050 

1895 

1.520 

.-, 

0-33 

1896 

1,308 

4 

0-30 

1897 

1..521 

« 

0-39 

1898 

1,465 

;i 

0-20 

1899 

1.614 

4 

0-25 

1900 

1.420 

4 

0-28 

1901 

1,321 

.-, 

0-38 

1902 

1,105 

2 

018 

1903 

628 

2 

0-32 

1904 

7!5.'> 

3 

0-39 

lOO.'i 

727 

3 

041 

190C 

772 

1 

013 

1907 

786 

3 

0-38 

1908 

624 

1 

o-i« 

1909 

467 

I 

0-21 

1910 

401 

1) 

00 

1911 

341 

1 

0-29 

1912 

395 

0 

00 

191.3 

330 

0 

00 

914 

373 

0 

00 

1915 

654 

1 

Olfi 

1916 

1.388 

3 

0-21 

1917 

I..M3 

4 

0-20 

1918 

1,803 

3 

010 

1919 

1.813 

3 

016 
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Table  XIV. 

Shaming  the  effect  of  restrictive  measures  on  the  occurrence  of  rabies  in  dogs 
Department  of  the  Seine  in  France.     '  Lancet'  19-11-10,  jp.  1504. 


Department 

3F  THE  Seine. 

Other  Departments.  Mortality  Rate. 

Year. 

Rabid  dogs. 

Doga  captured. 

Rabid  dogs. 

Paris  Institute. 

1899 

9,691 

0-25 

1900 

807 

12,000 

1,964 

0-28 

1901 

845 

16,298 

1,872 

0-38 

1902 

474 

16,856 

1,852 

0-18 

1903 

179 

14,665 

2,184 

0-32 

1904 

172 

15,251 

2,221 

0-39 

1905 

120 

2,248 

0-41 

1906 

74 

1,971 

013 

1907 

43 

1,849 

0-38 

1908 

37 

1,445 

019 

1909 

13 

1,450 

0-21 

1910 

0-00 

Table   XV. 

Showing  numbers  treated  and  deatlis  according  to  period  of  treatment  in 
Constantinople  1901  to     1908  (Remlinger). 


No.  of 

Died 

Died  less  than 

Died  more  than 

Year. 

persons 

during 

15  days  after 

15  days  after 

Totals 

treated. 

treatment. 

treatment. 

treatment. 

1901 

572 

5 

1 

1 

7 

1902 

750 

5 

4 

4 

13 

1903 

894 

9 

1 

3 

13 

1904 

1,075 

7 

1 

3 

11 

1905 

809 

5 

4 

3 

12 

1906 

873 

12 

'  5 

1 

18 

1907 

857 

5 

2 

1 

8 

1908 

978 

12 

2 

3 

17 

Totals     . . 

6,808 

60  (0-88%) 

20  (0-29%) 

19  (0-27  %) 

99  (1-45%) 

J 
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Table  XVIII. 

Sliowi)ig  the  periods  of  inciibation,  interval  to  death,  and  duration  of  symptuiits  of  Street  Virus  and  Fixed  Virus  in  rabbits    hwcidated   subduraily. 


NUMBKR   OF   DA  ITS. 


Period. 

Virus 

1 

2 

3 

4 

» 

1) 

' 

8 

n 

10 

11 

12 

13 

14 

10 

IB 

17 

18 

.19 

20 

21 

22 

23 

24 

25 

20 

27 

28 

29 

30 

31 

32 

33 

34 

35 

3U 

37 

38 

39 

43 

44 

45 

40 

411 

31 

58 

59 

00 

01 

02 

03 

04 

Notes. 

1.  Incubation   ao 

judged  from 
onset          of 
paralysis. 

2.  Interval        to 

death. 

3.  Incubation    . . 

* 

4.  Incubation    as 

judged  from 
onset          of 
symptoms 
of    stagger- 
ing. 

5.  Interval        to 

death. 

fl.      Duration       of 
symptoms. 

7.      Duration       of 
Bymptoms. 

Street 

Street 
Street 
Fixed 

Fixed 

Street 
Fixed 

7H 
3 

122 
«9 

122 
IBo 

38 
121 

1 

10 
37 

3 
12 

9 
3 

14 

1 

132 
4 

31 

77 
1 

36 

11 

4 

233 

103 

IS 
10 

237 

90 

47 

21 

93 

76 

71 
2(i 

10 

Bo 

7C. 
4.'. 

57 
til 

■jr. 

35 

81 
33 

24 

U2 
17 

10 

49 

18 

14 
29 

13 

22 

22 

8 
10 

3 

3 

3 

8 
2 

8 

4 
1 

3 

4 

4 

3 

3 

3 

2 
2 

3 
3 

3 

1 

4 
1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 
1 

1 

1 

1 

Kasauli    li]sti< 
tute. 

Kaeauli    Insti- 
tute. 

Cftlabresc     In. 
Past..  1896 

Kasauli    Insti- 
tute. 

Kasauli     InsH- 
tute. 

Kasauli  bisti- 
tute. 

Kasauli    Insti- 
tute. 

ir.  F.  Harvey  and  II.   IT.  Arton.  889 

Tahi.k  XVF. 
Showint]  (hues  of  arrit\il  ikitients.     KasatiU. 


Arriral  at  Institute. 


Fium  Ut  to  3th  day 
From  5th  to  10th  day  . 
From  10th  to  loth  day  . 
From  13th  to  20th  day  . 
From  20th  to  25th  day  . 
From  25lh  to  30th  day  . 
From  30th  U>  35th  day  . 
From  33th  to  40th  day  . 
From  40th  to  45th  day  . 
Alter  the  45th  day 

Totals 

MeaS  date  of  ARRtVAL 
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INSTRUCTIONS  TO  AUTHORS  OF  PAPERS 
INTENDED  FOR  PUBLICATION  IN 
'THE  INDIAN  JOURNAL  OF 
MEDICAL  RESEARCH.' 

A.— Manuscripts. 

1.  Manuscripts  should  be  clearly  typewritten  on  one  side  of  the 
paper  only,  with  double  spaces,  and  the  pages  clearly  numbered. 

2.  They  must  be  carefully  prepared  before  sending  to  Press  and 
absolutely  in  their  final  form  for  printing  so  as  to  lessen  the  cost  of 
corrections  and  to  prevent  delay  in  publication. 

3.  If  any  part  of  the  manuscript  is  to  be  printed  in  bold  type  the 
required  portion  should  be  marked  and  the  words  '  Bold  Lower  Case  ' 
e.g.  (b)  or  '  Bold  Capitals  '  (A)  whichever  is  desired  should  be  written 
in  the  margin.  If  the  first  letter  of  a  word  is  required  to  be  printed 
as  a  capital,  it  should  be  underlined  with  3  lines  and  the  succeeding 
letters  with  2  lines,  if  the  letters  are  to  be  printed  in  small  capitals.  If 
italics  are  required  the  word  or  words  should  be  underlined  with  1  line. 
If  a  part  of  the  manuscript  is  required  in  smaller  type,  the  portion 
should  be  marked  by  drawing  a  line  down  the  side  and  writing  '  one 
size  smaller  type  '  or  '  two  sizes  smaller,'  whichever  is  desired. 

4.  Tables,  Legends  and  References  should  be  typewritten  on 
separate  sheets  from  the  rest  of  the  manuscript,  since  they  are  printed 
by  means  of  a  different  type.  They  should  be  numbered  and  the  place 
where  they  are  to  be  inserted  in  the  text  should  be  indicated  by  a 
corresponding  number  in  the  margin  of  the  manuscript.  Authors  should 
not  refer  to  the  '  foregoing  '  or  the  •  following  '  tables  since  the  position 
of  the  table  or  reference  on  the  printed  page  does  not  necessarily  agree 
with  that  in  the  manuscript. 

B. — Illustrations. 

1.     All  illustrations  must  be  drawn  on  separate  sheets  in  a  form 
immediately  suitable  for  reproduction  :  and  such  illustrations  as  can  be 
reproduced   by  photographic    process    should,   so    far   as  possible,    be 
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preferretl.  COLOURED  REPRODUCTIONS  ARE  COSTLY  AND 
DELAY  PUBLICATION,  AND  THEIR  USE  MUST  BE  STRICTLY 
LIMITED.  IF  TOO  MANY  COLOURED  DRAWINGS  ACCOMPANY 
A  PAPER.  THE  NUMBER  FOR  REPRODUCTION  WILL 
BE  CURTAILED.  Illustrations  sluml.l  Imar  on  tins  nivurso  sulu  tlio 
titio  of  the  publication  to  which  thoy  belong,  together  with  the  number 
and  Author's  name.  Do  not  mark  anytlxing  on  the  front  of  the  copy. 
Figures  should  be  always  clearly  numberetl  and  accompanied  by  full 
descriptions  and  legends.  A  complete  list  of  plates  and  figures  should 
always  accompany  each  paper  with  full  instructions  as  to  reproduction. 

2.  Plate  illuslralioiis. — The  figures  to  be  roprwlucod  by  colour 
wash  or  fine  and  stipple  on  plates  should  bo  oxocuteil  on  ivhite  drawing 
paper  or  can!  and  neatly  gummed  on  white  card,  being  numborcxl  in 
the  order  in  which  they  are  to  apjxjar  in  the  pul)lishod  plate.  The  plate 
figures  when  reproduced  should  not  cover  an  area  greater  than  8J  inches 
in  length  by  6  inches  in  \vidth  excluding  margin.  Where  photograpfis  are 
to  be  reproduced  good  chocolate  brown  toned  P.O. P.  paper  prints  are  best 
Photographs  should  show  only  what  is  essential  for  reproduction  and 
should  be  cut  down  to  the  extent  necessary.  In  preparing  plates  for 
three-colour  work,  use  only  the  primary  colours  (Rod,  Blue  and  Green) 
in  any  combLnarion,  as  only  ink.s  of  primary  colours  are  used  in  printing. 
Best  results  are  obtained  by  u-sing  a  foiu-th  colour  (Indian  ink),  as  an 
absolute  black  cannot  bo  obtained  in  printing  with  primary  colours. 
Authors  should  draw  their  illustrations  exactly  as  they  desire  them  to 
appear  both  as  regards  size,  details,  and  colouring.  All  lettering  should 
be  of  a  uniform  size.  If  a  drawing  is  larger  than  the  intended 
reproduction,  the  rule  regarding  reduction  must  be  borne  in  mind,  for 
e.xample,  a  drawing,  6  inches  wi<lo  by  3i  inches  liigh,  required  to  be 
reduced  to  4  inches  wide  will  reproduce  only  to  2f  inches  in  height. 

How  To  Find  The  Proportion. 
Turn  the  photograph  or  drawing  face  down  and  with  a  ruler  and 
pencil    draw  lightly  a    diagonal   line  {A.  B.)  on  the  back  from  corner 
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to  corner  (Fig.  1)  then  measure  from  tlie  left  side  tlie  width  decided 
upon,  mark  this  (A.  C.)  (Fig.  2)  and  rule  parallel  to  the  right  hand 
side  of  photograph  this  line  (CD.)  is  the  correct  height  that  the 
photograph  will  reduce  to  when  madis  the  width  you  have  marked 
(Fig.  2). 

.  Line  SlocA;*. -THESE  WILL  BE  USED,  WHENEVER 
POSSIBLE,  IN  PLACE  OF  MORE  EXPENSIVE  PROCESSES. 
AUTHORS  ARE  REQUESTED  TO  BEAR  THIS  IN  MIND  WHEN 
PREPARING  THESE  DRAWINGS.  All  drawings,  diagrams,  charts, 
maps,  etc.,  intended  for  line  block  reproduction  should  be  sent  flat 
and  in  a  fit  state  for  direct  photographic  reproduction.  Illustrations 
should  be  pen  drawings  with  smooth,  clean  lines  or  sharp  dots  in  Indian 
ink  (jet  black  and  water  proof)  on  smooth  white  Bristol  board,  lettering 
being  lightly  put  in  and  of  a  uniform  size.  No  washes,  tinting,  or  pencil 
shading  should  be  used  unless  half  tones  are  required. 

4.  Reduction. — WTiere  the  original  figure  requires  reduction.  Authors 
are  advised  to  place  a  scale  of  measurement  beside  each  figure,  so  that 
the  scale  may  be  reproduced  with  the  figure.  Where  considerable 
reduction  is  required,  it  is  essential  that  the  drawing  should  be  of  such 
a  character  as  to  bear  such  a  reduction.  Lettering  on  the  original  should 
be  graded  according  to  degree  of  reduction  desired.  Figures  when  reduced 
should  not  occupy  a  space  greater  than  the  length  (S-g-  in.)  and  width 
(6  in.)  of  the  printed  surface  of  a  page.  Space  should  be  allowed  for 
the  accompanying  legend.     (See  also  para.  2  above). 

5.  Charts  and  curves  are  frequently  drawn  to  best  advantage  on 
graph  paper  ruled  in  pale  blue  since,  whilst  ensuring  accuracy,  the  blue 
lines  do  not  appear  in  the  photograph,  only  the  blackened  lines,  that  are 
desired,  remaining.  The  lines  intended  for  reproduction  should  therefore 
be  carefully  drawn  in  with  Indian  ink.  If  Authors  attend  to  this,  many 
of  the  charts  can  be  produced  without  re-drawing,  and  thus  reduce  the 
cost  of  production. 

C— Proofs. 

Under  instructions  from  the  Director  of  Medical  Research  galley 
(first)  proofs  are  sent  out  to  Authors.  Page  (final)  proofs  are  sent  only 
in  very  exceptional  cases,  and,  in  no  circumstances,  may  new  matter  be 
introduced  into  page  proofs,  as  this  adds  greatly  to  the  expense  of 
production.     It  will  be  deleted  if  inserted  by  Authors. 
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D.     Reprints. 

A  form  will  be  issued  along  with  the  galley  proofs  to  each  Author, 
and  to  obtain  reprints  he  should  till  this  in  and  send  it  along  with  the 
correcto*!  galliiy  proofs  to  the  Director  of  Medical  Research,  Simla. 

/v.  8  The  attention  ol  Authors  is  directed  particularly  to 
the  portions  of  the  Instructions  dealing  with  the  suggestions  lor 
the  reduction  ol  the  cost  ol  production  oi  Journal. 
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